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EXTRACTS 


FROM A REPORT OF MESSRS. RESAL, MAURICE LEVY, SAR- 
RAU, AND BOUSSINESQ (Rapporteur), COMMITTEE OF THE 


ACADEMIE DES SCIENCES, INSTITUT DE FRANCE. Comptes 
rendus, vol. CXVIII. 


NOTWITHSTANDING the numerous experiments made since 
the seventeenth century upon the flow of liquid veins through 
orifices, there are important matters connected with this phe- 
nomenon which still remain undetermined, or so imperfectly 
known as to give rise to most inexact hypotheses. 

Until now we have had no experimental results respecting 
the pressures exerted in the interior of the vein, or upon the 
velocities of the separate filaments. 

It was therefore highly desirable that delicate observations 
upon a large scale should be undertaken for the measurement 
of the pressures and velocities within the issuing vein under 
considerable heads and with both vertical and horizontal orifices 
of diverse forms. М. Bazin's memoir contains an account of 
alarge number of just such observations, made at Dijon since 
1890, and concluded within the last few months. 

The memoir contains an elaborate study of the flow through 
a vertical rectangular orifice, of the same width as the reser- 
voir itself, and furnished externally with two flat cheek-pieces 
for preventing the lateral dilation of the vein. These are, so 


far as we know, the first precise observations made in such 
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a case, the most important of all from a theoretical point of 
view, since it is the most elementary, and that to which mathe- 
matical analysis can be the most completely applied. 

| We see, then, that the memoir of М. Bazin realizes in many 
respects a very marked advance in our knowledge of the im- 
portant and difficult question of the liquid vein. Your com- 
mittee has therefore unanimously approved the memoir, and 
asks of you its insertion in the Recueil des Savants étrangers. 
In this publication have already appeared, during the present 
century, the memorable experiments of Poncelet and Lesbros 
upon the flow through vertical orifices; of Poiseuille upon the 
flow through capillary tubes; of Darcy, upon the uniform flow 
in larger pipes; of Darcy and of M. Bazin himself, upon the 
flow in open channels: a most valuable collection of original 
documents of the first order in the study of hydrodynamics, 
and one which will in no wise disparage the new work of M. 
Bazin. 

The conclusions of the report were put to vote and 
adopted. 


ARANSLATORS PREFACE: 


M. BAZIN is perhaps best known to the English-reading pub- 
lic through his investigations of the flow of water in open chan- 
nels; in which he was associated with M. Darcy, and which 
formed so important a part of the material employed by Gan- 
guillet and Kutter in the construction of their now world- 
famous formula. 

A few years ago, however, M. Bazin made another im- 
portant contribution to the literature of hydraulics in the shape 
of his experiments upon the flow over weirs, the results of 
which, rendered into English by Mr. Marichal and the present 
translator, were published in part in the Proceedings of the 
Engineers’ Club of Philadelphia, Volumes VII., IX.,and X. In 
these investigations M. Bazin not only carefully determined 
the coefficients of discharge under widely varying conditions, 
but also carried out very delicate measurements for the pur- 
pose of determining the shape of the sheet of water, or 
“парре,” falling over the weir and (by means of the Pitot 
tube) the velocities and pressures within the sheet itself. 

The investigations here presented proceeded upon nearly 
the same lines as those concerned with flow over weirs, and it 
is believed that they will be found to constitute an equally im- 
portant addition to our knowledge of hydraulics. 

ECE IR: 


PHILADELPHIA, May, 1896. 


AUTHORS INTRODUCTION. 


PARIS, 15 avril, 1896. 

MONSIEUR :—J’ai lu attentivement la traduction, que vous 
avez bien voulu me communiquer, de mon mémoire sur la con- 
traction des veines liquides et la distribution des vitesses dans 
leur intérieur. 

Cette traduction me parait bien rendre le sens de l'original, 
et je vous autorise trés volontiers a présenter sous cette forme 
mon travail aux ingénieurs américains. 


Votre bien devoué, 
H. BAZIN. 
Monsieur TRAUTWINE, Engineer, Philadelphia. 


DEAR SIR:—I have read attentively the translation, which 
you have sent me, of my paper on the contraction of the 
liquid vein and the distribution of the velocities in its interior. 

This translation appears to me to render correctly the sense 
of the original, and I very willingly authorize you to present 
my work in this form to American engineers. 
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EXPERIMENTS UPON THE CONTRACTION ОЕ 
THE LIQUID VEIN. 


IN their admirable experiments upon the flow through 
orifices, Messrs. Poncelet and Lesbros have established a fact 
which appears at first view to contradict the fundamental prin- 
ciples of hydraulics. In studying the liquid vein issuing from 
an orifice 0.20 m. square, in thin partition, they found, in 1828, 
that the mean velocity in the contracted section of the vein 
was а little greater than the velocity 420/7 corresponding to 
the head 2 upon the center of that section. Surprised by this 
anomaly, M. Lesbros considered it necessary to repeat the 
experiment with the greatest care. This was done in 1834, 
with but little difference in the results.* 

He says: “ We must admit that the minimum area of the 
sections of the vein in planes parallel to that of the orifice is 
230.62 square centimeters, so that the coefficient of contrac- 
tion is 230.62 + 400, or, say, 0.577. Now the coefficient 
deduced from the comparison of the effective and theoretical 
discharge is 0.602, whence it results that the mean velocity 
in the contracted section is £22 of that due to the head of the 
liquid upon the center of the orifice." 

From this it appears that the actual velocity is gly greater 


* Expériences hydrauliques sur les lois del'écoulement del'eau. Recueil des 
savants étrangers, vol. III., 1832, and vol. XIII., 1851. 
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than the theoretical, or gl, greater, if account be taken of the 
fact that the center of the contracted section is slightly lower 
than the center of the orifice. 

We have repeated the experiments of M. Lesbros with 
rectangular and circular orifices in vertical and horizontal walls, 
and, like him, we have found an excess of velocity in the con- 
tracted vein when the orifice is in a vertical plane. This, how- 
ever, we do not find the case with orifices in a horizontal plane. 

The orifices with which we have experimented are the 
following : 

т. Orifices in a vertical plane: Square orifice, 0.20 m. square 
(contraction complete) ; circular orifice, 0.20 m. in diameter 
(contraction complete); rectangular orifice, 0.80 m. wide by 
0.20 m. high (lateral contraction suppressed). 

2. Orifices in a horizontal plane: Circular orifice, 0.20 m. in 
diameter (contraction complete); circular orifice, оло m. in 
diameter (contraction complete.) 

Having determined the coefficients of discharge by filling 
а vessel of known capacity, we proceeded to determine the 
geometrical figure of the vein in order to be able to deduce 
from the discharge the mean velocity in transverse sections at 
different distances from the orifice. We have endeavored also 
to ascertain directly by the use of an instrument analogous to 
the Darcy tube, the distribution of the velocities through each 
of the several sections of the issuing vein. 


DETERMINATION OF THE COEFFICIENT OF DISCHARGE. 


The three vertical orifices were installed successively at the 
origin of the channel employed in our experiments upon weirs.* 
Their center was placed 0.60 m. above the bottom of the chan- 


* Annales des Ponts et Chaussées, October, 1888. 
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nel. For the square and circular orifices, the channel retained 
its width of 2 meters. Thesides of the orifices were therefore 
0.90 m., from each of the two side walls of the channel. 

For the rectangular orifice, in order to suppress the lateral 
contraction, the width of the channel was reduced to 0.80 m. 
up-stream from the orifice, which thus occupied its entire width, 
Two cheek-pieces, A, В, prolonged the walls, for a distance of 
0.50 m. down-stream, from the orifice, in order to guide the vein, 
while preventing its lateral expansion. 

As to the horizontal circular orifices, their center was placed 
at I m. from the lateral and terminal walls of the channel, and 
at 0.70 m. above the ground upon which the vein fell. 

The calibration of these orifices was accomplished by fol- 
lowing the process employed in calibrating our weirs, that is 
to say, by filling a part of the channel and noting exactly the 
time occupied in the filling.* The table on pp. 4,5 presents a 
resumé of the results obtained: 

The orifices were formed in iron plates 7 mm. in thickness. 
The edges, carefully finished in a machine, presented a very 
true, sharp edge. 

Let us now compare the values of m given by the foregoing 
table with those obtained by other experimenters. 

Square orifices 0.20 m. on the side. The mean of five 
experiments made under heads between 0.90 m. and I m., is 
m = 0.6066, a result corresponding very closely with the value 
0.605, adopted by M. Lesbros,t for the same heads. 

Rectangular orifice 0.20 m. high, 0.80 m. wide. Dividing 


* This very simple operation nevertheless requires great care and precautions 
if we wish to eliminate all causes of error, 
For a detailed description of the processes employed, we refer the reader to 


our first Memoir upon Weirs. 
+ See the table of coefficients for square orifices given by M. Lesbros, Recueil 


des savants étrangers, vol. ХІП, 1851. 
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КОП олш | Солго Соро рш Dees 
Е, One ss Seconda m= EE 
h Depth. Volume. 7 5 Vogh 
Meters. Meters. Cu. Meters. Cu. Meters. 
VERTICAL ORIFICE 0.20 M.* SQUARE. 
Area 5 = 0.04012 sq. meter. 
October, 1890. Mean temperature of water, 9° C. 

1 0.9016 0.4416 177.977 29 oo" | 0.10229 0.6062 

2 0.9220 0.4332 174.591 287 ОШ 0.10368 0.6076 

3 0.9518 0.4676 188.455 29 52 0.10516 0.6066 

4 0.9745 0.4505 181.564 28 25 0.10649 0.6071 

5 0.9945 0.4592 185.070 28 45 0.10729 0.6054 

VERTICAL RECTANGULAR ORIFICE 0.20 M. HIGH, 0.80 м. WIDE,] WITHOUT 
LATERAL CONTRACTION. 
Area 5 = 0.1592 square meter. 
October, 1890. Mean temperature of water, 13.5° C. 

т о.8000 0.5400 217.472 09697 0.39612 0.6280 

2 0.8074 0.4760 тот. 695 8 04 0.39606 0.6251 
3 0.8170 0.5257 ОШ oy 8 53 0.39722 0.6233 
4 0.8205 0.4600 185.289 7 46 0.39762 0.6225 

5 0.8260 0.4994 201.130 8 23 0.39986 0.6240 

6 0.8347 0.5535 223.503 9 II 0.40563 0.6296 

7 0.8468 0.5078 204.507 8 26 0.40416 0.6228 

8 0.8567 0.5201 209.461 8 35 0.40672 0.6231 
9 0.8658 0.5215 210.005 SEO 0.41177 0.6276 
IO 0.8799 0.4970 200.192 8 03 0.41448 0.6266 
II 0.8880 0.4670 188.066 й 2 0.41792 0.6289 
12 0.8971 0.5010 201.805 8 o2 0.41868 0.6270 
I3 0.9113 0.4827 194.390 я 159 0.42443 0.6306 
14 0.9188 0.4556 183.516 МЕ audi 0.42285 0.6255 
15 0.9233 0.4550 183.244 y se 0.42418 0.6260 
16 0.9281 0.5550 224 IO9 8 49 0.42365 о 6237 
17 0.9305 0.5190 209.011 SEI? 0.42482 0.6246 
18 0.9427 0.5238 210.987 8 T4 0.42710 0.6239 
19 0.9508 0.5022 202 247 7 49 0.43121 0.6271 
20 0.9594 0.4807 193.541 7 24 0.43590 0.6312 

VERTICAL CIRCULAR ORIFICE 0.20 М. DIAMETER. 
Area S = 0,03132 square meter. 
April and May, 1890, Mean temperature of water, 11° C. 

I 0.9536 0.4680 188.617 cO 0.8106 0.5984 

2 0.9619 0.4222 170.158 34 51 0.8138 0.5981 

3 0.9722 0.4478 180.475 36 47 0.8177 0.5978 

4 0.9799 0.3905 157.382 ЗЕ 59 0.8201 0.5972 

5 0.9883 0.4401 177-372 | 35 53 0.8238 0.5973 

6 0.9966 0.4298 173.221 34 54 0.8272 0.5972 


* Exactly 0.2003 m. 


+ Exactly 0.797 m. X 0.1997 m. 
1 Exact mean diameter 0.1997 m. 


CONTRACTION OF THE LIQUID VEIN. 5 


Head on 


Contents of Ch К Coefficient of 
Ex- | Centre AERTS sos Discharge Discharge. 
periment | of Time. per 
No. Orifice. Second, m= = 
| p. Depth. Volume. S V2gh 
| Meters. Meters. Cu. Meters, Cu. Meters. 


HORIZONTAL CIRCULAR ORIFICE 0.20 M. DIAMETER.* 
Area S = 0.03132 square meter. 


May, 1892. Mean temperature of water 13? C. 


I 0.9384 0.4487 88.309 18 o4" | 0.08147 0.6062 
2 0.9481 0.4272 84.093 T7207. 0.08188 0.6062 
3 0.9594 0.4390 86.388 7 95 0.08188 0.6025 
4 0.9680 0.4054 79.799 тб TII 0.08218 0.6021 
5 0.9736 0.4611 90.727 197717 0.08270 0.6041 
6 0.9923 0.4383 86.280 ту ТО 0.08328 0.6026 
7 1.0005 0.4192 82.497 16 27 0.08358 0.6023 
8 I.0094 0.4400 86.620 IZ TII 0.08402 0.6028 
9 0.9552 0.4722 92.963 I8 53 0.08205 0.6051 
IO 0.9636 0.4588 90.324 18 16 0.08 241 0.6052 
II 0.9797 0.4393 86.482 17 26 0.08268 0.6021 
12 0.9888 0.4665 91.841 r8 23 0.08326 0.6036 
I3 I.0053 0.4609 90.737 IS 105 0.08363 0.6012 


Quite frequently, with the horizontal circular orifice, 0.20 m. diameter, an 
eddy was formed, extending from the orifice to the free surface of the liquid in 
the channel of approach. It was found possible to prevent the formation of 
this eddy by allowing a plank to float above the orifice. 

As a matter of fact, the eddy did not appear to modify sensibly the discharge, 
for experiments Nos. г to 8 ої Мау, 1892, in which no precaution was taken for 
its prevention, give the same mean value of 72 as the five experiments, Nos. 9 
to I3, in which, on the contrary, the formation of the eddy was prevented by 
means of the floating plank. 

These eddies caused the formation of a long, narrow tube, drawing in air at 
the surface of the water and carrying it into the vein, which thus discharged, 
at the same time, water and air, and lost something of the regularity of its 
characteristic form. 


HORIZONTAL CIRCULAR ORIFICE 0.10 M. DIAMETER. 


Area 5 = 0.007886 square meter. 


June and July, 1892. Mean temperature of water 22.5? C. 


I 0.9069 0.4850 30.285 25' o6" | o.o2orr 0.6046 
2 O.9II2 0.4849 30.279 25 02 0.02016 0.6047 
3 0.9236 0.4932 30.797 24 T2 0.02037 0.6068 
4 0.9421 0.4922 30.734 25 06 0.02041 0.6021 
5 0.9493 0.4750 29.660 23 59 0.02061 0.6056 
6 0.9564 0.4784 29.873 24 04 0.02069 0.6057 
7 0.9733 0.4939 30.841 24 27 0.02102 0.6100 
8 0.9930 0.4928 30.772 24 12 0.02119 0.6087 
9 ' 1.0023 0.4911 30.666 24 От 0.02128 0.6085 


* Exact mean diameter 0.1997 m. 
+ Exact mean diameter 0.1002 т. 
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the series into three groups, following the increase of the heads, 


we obtain: 
Heads between 0.80 m. and 0.85 m. (7 experiments), m = 0.6250 
90 s о 85 m. “ o.go m. (5 nf ), m = 0.6266 
GG “ 0.90 m. 4 0.96 m. (8 pe ) т = 0.6266 


In order to study the influence of variation of the head 
upon the value of 27, we carried out another series of experi- 
ments in which the water discharged by the orifice was made 
to pass over a меш 0.35 m. in height, the coefficient М of 
which was exactly known.* 

This weir having a length of 1.999 m., its discharge under 
a head Я was 

О = 1.999 m. X MH Y2gH ; 
that of the rectangular orifices being, on the other hand, 
О = 0.1592 X m V 2g4. 
The comparison of these two experiments gives immediately 
m 1:999 m Е. 
0.1592 h 

Examining the last column of the table, where the values: 
of the coefficients are arranged by groups of heads, we see 
that 7 first diminishes slightly as the head Z increases, but 
becomes sensibly constant when Z exceeds 0.50 m. Its value, 
for heads between 0.85 m. and 0.06 m.,iso.6307. Direct gaug- 
ing had given, for the same heads, 0.6266, or 414 less. 

But the two processes are not exactly comparable, and the 
method by the actual measurement of the volume discharged 
affords a greater guaranty of exactitude for the determination 
of an absolute value of zz. 

Our sole object in comparing the discharge of the orifice 


with that of the weir, the head upon which is always more 


* For the table of values of this coefficient, see the Memoir already quoted, 
Annales des Ponts et Chaussées, October, 1888, 


CONTRACTION OF THE LIQUID VEIN. 


7 


CALIBRATION OF THE RECTANGULAR ORIFICE 0.20 м. HIGH X 0.80 м. WIDE, 
BY MEANS OF A WEIR WITH FREE NAPPE.* 


Height of weir, 0.359 m.; Length of weir, 1.999 m. 


October, 189o. 


Head. 
ота On the ae 
о. 4 n the 
Се ое Weir 
A H 

Meters. Meters, 

I 0.1504 0.1268 
2 0.1761 0.1332 
3 0.1955 0.1373 
4 0.2306 0.1443 
5 0.2424 0.1472 
6 0.2738 0.1531 
7 0.2986 0.1563 
8 0.3232 0.1610 
9 0.3492 0.1652 
то 0.3778 0.1692 
II 0.3984 0.1716 
12 0.4331 0.1769 
13 0.4423 0.1776 
14 0.4748 0.1815 
15 0.4919 0.1853 
16 0.5249 0.1887 
17 0.5507 0.1896 
18 0.5779 0.1940 
19 0.5990 0.1951 
20 0.6311 0.1985 
21 0.6436 0.1999 
22 0.6766 0.2032 
23 0.6924 0.2056 
24 0.7254 0.2083 
25 0.7513 0.2097 
26 0.7796 0.2129 
27 0.7959 0.2141 
28 0.8245 0.2167 
29 0.8563 0.2196 
30 0.8784 0.2215 
31 0.9028 0.2231 
32 0.9300 0.2253 
33 0.9575 0,2273 
34 0.9783 0.2297 
35 1.0059 0.2303 


Coefficients of Discharge. 


Mean temperature of the water, 13? C. 


Means by Groups. 


Weir. Orifice. ТЕ ЖС 
М т 

Meters. 
0.4401 0.6434 | 
0.4406 0.6409 + [0.15 100.20] 0.6405 
0.4410 0,6571 | 
0.4418 0.6333 
0.4421 0.2333 | |020 to 0.25 0.6350 
0.4428 0.6566 
0.4432 0.6293 0.25 100.30] 0.6330 
0.4438 0.6332 
0.4444 0.6340 | |0.30 to 0.40| 0.6324 
0.4449 0.6326 
0.4452 0.6296 
0.4459 Б 
0.4460 0.6302 
0.4465 0.6292 O.40t00.50! 0.6327 
0.4470 0.6384 
2.4474 БЫ 
0.447 0.6253 
0.4483 0.6327 0.50 100.бо 0.6302 
0.4485 0.6270 
0.4490 0.6276 
0.4492 0.6283 3 
25456 о 6286 ( 5-60 to 0.70 0.6294 
0.4500 0.6330 
0.4504 0.6313 | 
0.4506 0.6268 
0.4510 0.6301 0.70 100.80] 0.6294 
0.4512 0.6292 
0.4515 0.6298 
0.4519 0.6311 +» 0.8010 0.90] 0.6308: 
0.4522 0.6316 
0.4525 0.6301 
0.4528 0.6306 
0.4531 0.6301 р 0.9010 1.00] 0.6304 
0.4535 И 
0.4535 0.6274 


` * The “парре” is the sheet of water falling over the weir. И is called 
** free” when it falls freely through the air without touching the face of the weir, 
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difficult to determine with precision, was to place in evidence 
the variation of zz relatively to those of the head. 

In order to study these more thoroughly, it was, however, 
necessary to take account of the velocity of approach, which, 
owing to the large dimensions of the orifice,* was by no means 
negligible. We adopt, therefore, in the following calculations, 
the value m = 0.6266. 

One of the numerous arrangements employed by M. Lesbros 
is nearly comparable with our rectangular orifice. In that 
arrangement the square orifice 0.20 m. was placed at the ter- 
mination of a channel of the same width and the lateral con- 
traction was thus suppressed. The escaping vein was not, as 
in our experiments, guided by cheek-pieces preventing its 
lateral expansion, and that expansion, mentioned by M. Les- 
bros, resulted in a slight increase of the discharge of the orifice. 
It is this which explains why the coefficient 7% = 0.638, ob- 
tained by this skillful experimenter, exceeded by o.o11 that 
which we have determined. 

Circular Orifices.— The coefficient of discharge of circular 
orifices is nearly constant. We find: 

For the vertical orifice 0.20 m. in diameter (mean of 6 ex- 
periments), zz = 0.5977. 

For the horizontal orifice 0.20 m. in diameter (mean of 13 
experiments), % = 0.6035. 

For the horizontal orifice 0.10 т. in diameter (mean of 9 
experiments), 7 = 0.6063. 

We know that this coefficient, varying but slightly from 
0.6, does not sensibly increase except in the case of very small 
orifices or of low heads. 


Mr. Hamilton Smith, Jr., discussing numerous experiments 


* The influence of this element upon the value of m is never of great im- 
2 

portance, since the height —, which corresponds to the velocity « of approach, 
257 


does not exceed a few mm. 
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made by several observers, including himself, has recently pub- 
lished * a table of coefficients applicable to vertical circular 
orifices. This table gives, for a head of one meter, the follow- 


ing values of m: 


Diameter of Diameter of 

Orifice. m. Orifice. nm. 
СООБУ а OO CIS Sea OST | OOS fS eese are oes IS с 0.600 
НА Т ДУ UN v AA x GOTT О, ТО О ees eere SI SR ТЫЗ 0.599 
BESTEN s s КАМ я ҚЗ МСТ» ОО 0/90 I, А она 0.598 
UE EUER CS exis e қал MEN RN OA O io: 667170: 80 Maca Visite САЛАМ PIE S e TG 0.597 
DSS ETUDES Res асек 0.603 


The value 0.598 is precisely that which we ourselves have 
obtained for the vertical orifice 0.20 m. in diameter. 

As to horizontal orifices, the experimental results are much 
less numerous. In 1874, Mr. Ellis experimented with orifices 
0.30 m. in diameter,t but unfortunately the discharges were 
determined not by direct measurement of the volume dis- 
charged, but by comparison with a weir. The mean of a large 
number of experiments with heads varying between 0.80 m. and 
5.70 m. gives # = 0.600. The orifice was submerged.  Plac- 
ing the same orifice vertically and allowing it to discharge into 
the air, Mr. Ellis obtained, with the same range of heads, 
m = 0.592. Our experiments also give, for a vertical orifice, a 
value of zz slightlv less than that corresponding to a horizontal 
orifice. 

GEOMETRICAL FIGURE OF THE VEIN. 

Profile of the Jet. —We first observed the profile described 
by the vein issuing from vertical orifices, referring the center 
of its cross-section at each point to horizontal and vertical 
axes, the origin of co-ordinates being taken at the center of 
the orifice. This profile is comparable to the parabola de- 
scribed by a projectile subjected to the action of gravity and 


* The Flow of Water through Orifices and over Weirs, and through Open 
Conduits and Pipes, by Hamilton Smith, Jr.; London and New York, 1886. 
+ Transactions American Society of Civil Engineers, February, 1876. 
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passing the center of the orifice with a horizontal velocity, 
v= yag. 

Designating by x the horizontal distance of the projectile 
from the orifice, and by y its corresponding vertical distance 
below the center, it is easy to see that the equation of the 


2 


parabola is y = P. The curve passing through the centers of 
the successive sections of the vein differs but little from this 
parabola, and lies below it, departing from it progressively as 


the distance from the orifice increases. Its co-ordinates for 


square and circular orifices are indicated in the following table: 


Square Orifice (£ = 0.953 m.). Circular Orifice (# = 0.990 m.). 
Ordinate of the Ordinate of the 
Parabola. Parabola. 
E 2 y= a ж 27 y= = 
4h 
0.063 0.001 0.0010 0.08 0.002 0.0016 
0.082 0.002 0.0018 978621 0.006 0.0043 
0.104 0.004 0.0028 0.17 0.010 0.0073 
0.128 0.006 0.0043 0.235 0.018 0.0139 
О.151 0.009 0.0060 0.335 0.035 0.0283. 
0.175 0.012 0.0080 0.515 0.080 0.0670 - 
0.210 0.017 0.0116 
0.248 0.024 о.отбт 
0.302 0.035 0.0239 
t 


The ordinates of the two curves are not proportional, and 
their ratio approaches unity simultaneously with the increase 
of their absolute difference. 

The following figures show the progressive modifications of 
liquid veins issuing from a vertical orifice. That issuing from 
a circular orifice remains regular. Its transverse section, at 
first exactly circular, is gradually flattened vertically, as is in- 
dicated in the successive cross-sections, ад, cd, and ef. 

As to the vein issuing from the square orifice, it undergoes 


a very remarkable change of form, frequently quoted as an ex- 


CONTRACTION ОҒ THE LIQUID VEIN. ТЕ 


ample of the inversion of the vein. The sections 27, 27, and 
kl show this gradual transformation, which finally gives to the 
vein a star-shaped figure, the points of which correspond to the 
sides of the orifice. This peculiarity explains the singular 
figure of the longitudinal section of the vein in a vertical plane, 
following the axis of the channel. 

Let us now consider the rectangular orifice. Instead of 
being circumscribed on all sides, as in the case of the orifices 
already considered, the vein is of indefinite horizontal extent, 
and is limited by two surfaces nearly cylindrical, between which 
we may conceive a mean surface dividing the nappe into two 
sensibly equal parts. The intersection of this surface with the 
vertical plane passing through the axis of the channel corre- 
sponds to the central curve of the jet determined for square 
and circular orifices. The upper and lower suríaces of the 
nappe were observed for the 5 heads A, 0.790 m., 0.836 m., 
0.887 m., 0.950 m., and 1.005 m.*  Deducing graphically the 
ordinate y of the mean surface, we recognize that the product 


Йу is sensibly constant for a given horizontal distance x from 
2 


E А 
the orifice, and greater than the quantity и corresponding to 


the same product in the parabola у’ = - We Вахе та fact, 


4h 
Ordinates y of the Central Products 4y-for Heads Mean 
Distance Curve for Heads. = Prod- | үа 
from „= аше 
k= ucts f 
Plane hy о 
of for the z? 
Orifice. Five A 
P 0.790 | 0.836 | 0.887 | 0.950 | 1.005 | 0.790 | 0.836 | 0.887 | 0.950 | 1.005 cade 
0.10 0.0078|0.0073|0.0078|0.0072|0.0062|0.0062|o.0061|0.0069|0.0068|o.0062| 0.0064 | 0.0025 
0.20 0.0193|0.0184|o.0193|0.0187|0.0164|0.0152]0.0154|o.0171|o.0169|o.o165| 0.0162 | о.отоо 
0.30 0.0377|0.0356|0.0354|0.0332|0.0300|0.0298|0.0208|0.0314|0.0315|0.0302| 0.0305 | 0.0225 
0.40 0.0628|0.0583|0.0571 |0.0529 0.0493 |о.0496|0.о487|о.о5об|о.о5о3|0.0405| 0.0497 | 0.0400 
о.50  |0.0929|0.0868 0.0848|0.0774|0.0733/0.0734|0.0726/0.0752/0.0735|0.0737| 0.0737 | 0.0625 
о.бо о.1262|0.1204/0.1160|0.1061|о.1014|0.0997|0.1007|0.т037|0.1008 о.1010| 0.1014 | 0.0900 


* The elements of these profiles are given in a special table at the end of the 
present memoir. 
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Transverse Section of the Vein.—In order to obtain and 
reproduce the transverse sections of the veins issuing from 
square and circular orifices, we surrounded them with an oc- 
tagonal iron frame placed normally to their axes, and having 
its perimeter pierced by 24 screws projecting toward its center. 
These screws were moved little by little until their points 
touched the surface of the vein. The frame was then placed 
upon a sheet of paper and the transverse sections were traced 
and their area measured with great precision. 

This process is not applicable to the rectangular orifice, 
since the section of the vein was represented only by its thick- 
ness embraced between the upper and lower surfaces of the 
nappe. The profiles of these two surfaces were similarly de- 
termined by contact with a movable point. This operation, 
owing to the continual fluctuation of the nappe, was a very 
delicate one, the nappe being less stable than the contracted 
veins throughout the entire extent of their perimeter. 

We shall first discuss the results of the experiments rela- 
tive to the orifices with complete contraction, neglecting for 


the present the rectangular orifice. 
The quotient = which appears in the last column of the 


table on p. 13, is simply the ratio of the velocity U in the sec- 


tion under consideration, to the velocity 4/274, due to the head 
A upon the center. We have, in fact, 


TUUM жуу 
MEI a WE с: 
-— --; 9 
and, dividing by V2g# and remarking that Е: 
U 
V2gh HM 


This ratio, at first less than unity, exceeds this and increases 
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Distance of Di Rano of 2 "oe ; ee Сеа 
: istance x to 5 їепї ient i 
suey i al Width Z of Area of Section. өзге ете tra Coeilicieat о zi 
Orifice, Contraction. 
x о ж 
ж ТА в w = 5 
SQUARE ORIFICE, 

m = 0.6066. S = 0.04012754. m. A = 0.953 m. 
0.063 0.31 0.02586 0.6446 0.941 
0.082 0.41 0.02511 0.6259 0.969 
0.104 0.52 0.02497 0.6224 0.975 
0.128 0.64 0.02467 0.6149 0.986 
O.ISI 0.75 0.02428 0.6052 1.002 
0.175 0.87 0.02419 0.6029 1.006 
0.210 I.05 0.02395 0.5970 1.016 
0.248 1.24 0.02379 0.5930 1.023 
0.502 I.5I 0.02326 0.5798 I.046 
0.350 1.75 0.02320* 0.5783 1.049 

VERTICAL CIRCULAR ORIFICE, 

т = 0.5077. SI OOF 50. m. 7 = 0.990 m. 
0.08 0.40 0.01904 0.6079 0.983 
0.13 0.65 0.01870 0.5971 I.OOI 
0.17 0.85 0.01864 0.5951 1.004 
0.235 II 0.01849 0.5904 1.012 
0.335 1.67 0.01826 0.5830 1.025 
О. 515 S05 0.01782 0.5690 1.050 

HORIZONTAL CIRCULAR ORIFICE 0.20 M. DIAMETER. 

71 — 0.6035. Ё = 0.975 m. 5 — 0.03132 $4. m. 
0.075 0.37 0.01880 0.6003 I.005 
0.093 0.46 0.01860 0.5939 т.отб 
O.IIO 0.55 0.01824 0.5824 1.036 
0.128 0.64 0.01796 0.5734 I.053 
0.145 9572 0.01772 0.5658 1.067 
0.163 0.81 0.01753 0.5597 1.078 

HoRIZONTAL CIRCULAR ORIFICE 0.10 M. DIAMETER. 

m = 0.6063. о 5 = 0.007886 sq. m. 
0.058 0.58 0.004717 0.5981 1.014 
0.088 0.88 0.004632 0.5874 1.032 
0.138 1.38 0.004536 0.5752 1.054 
0.188 1.88 0.004418 0.5602 1.082 
0.288 2.88 0.004231 0.5365 I.130 
0.388 3.88 0.004094 0.5191 1.168 
0.488 4.88 0.003970 0.5034 1.204 
0.588 5.88 0.003870 0.4907 1.236 

2° д = 0.780 m. 

0.058 0.58 0.004705 0.5966 І.016 
0.088 0.88 0.004584 0.5812 1.043 
0.138 1.38 0.004453 0.5647 1.074 
0.188 1.88 0.004359 0.5528 1.097 


* Mean of 0,0226 and 0.0238. 
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We thus see that the velocity U does not exceed V 2g(4 + y) 
when the orifice is horizontal, that is to say, when the head re- 
mains uniform over the entire surface of the orifice, and it 15 
in the inequality of the heads upon the different portions of 
the orifice that we must seek for an explanation of the anomaly 
mentioned. 

Returning finally to the rectangular orifice without lateral 


contraction, and performing the same calculations, we have 


Ratio of 
Distance | Ratio of Arani Coefficient | Distance of 
of Distance : : of Dis- Center of 
Section x to Boren оше charge to Section E U 
from | Width Z pens traction, | Coefficient | below Cen- КОРЫ a жоны 
Plane of of Meter š of Con- ter of A+y 4/2 +7) 
Orifice. | Orifice. | ' И traction. Orifice. 
T w m 
ж -- в И === — 
5 m > 
m = 0.6266 5 = 0.1997 AL = 1.000 
meters 
0.15 0.75 0.1229 0.6154 1.018 O.OIO 0.9950 1.013 
0.20 1.00 0.1204 0.6029 1.039 0.016 0.9921 1.031 
0.25 1.25 0.1194 о. 5979 т.048 0.023 о.9887 1.036 
0.30 1.50 0.1187 0.5944 1.о54 0.030 0.9853 1.039 
0.35 1.75 0.1185 0.5934 1.056 0.040 0.9806 1.036 


The values of 2 апі of ———~—= аге greater than those 
V 28( + y) 

obtained with square and circular orifices. It is necessary, 
however, to bear constantly in mind that they must undergo a. 
slight reduction. We have admitted that the nappe was per- 
fectly cylindrical, and that in order to estimate € we must con- 
tent ourselves with measuring the thickness of the central 
part of the nappe; but a closer observation has shown that 
this thickness is not rigorously uniform, and that the vein pre- 
sents, at a distance of about 0.20 m. on each side of its axis, a 
slight swelling. We must therefore increase slightly the value 
of о, reducing correspondingly the two ratios under considera- 
tion. The determination of the correction is rendered very 


difficult by the motion of the vein. In order to obtain an 
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approximation of it, we measured, at distances of 0.15 m., 0.16 
m., 0.17 m., .... 0.33 m., 0.34 m., and 0.35 m. from the orifice, 
the thicknesses of the nappe, first in the axis itself, and second 
at O.IO m.,0.20 m., and 0.30 m. on each side of that axis. This. 
Operation was twice repeated on each side and four times in 
the axis itself, under a head of 1 meter. Taking the mean of 
21 thicknesses thus measured from centimeter to centimeter 
between the limits x = 0.15 m. and x = 0.35 m., we obtain the 
following results: 


MEAN THICKNESSES OF VEIN MEASURED ON THE VERTICAL BETWEEN THE 
LIMITS x = 0.15 М. AND x = 0.35 M. 


(Each of the following figures is the mean of 84 results.) 
Meters. 


ее v sace OTO 
0. IO m. to the right and left of the axis.......... 0.1207 
о 20 m ae “ ae ié “ “ ae 44 о 1226 
о 30 т “ ae “ ae “ ee “ LES о 1212 


The increase of the thickness at 0.20 m. from the axis is 
therefore 0.0026 m., ог. The vein rises a little near the wall 
of the channel. (See sketch on plate.) The swelling at 0.20 
m. appeared in connection with the eddies which sometimes 
form in the up-stream angles, and was affected also by changes 
in the head. However this may be, it did not appear that the 
correction in question exceeded 414, and, even after this reduc- 


U 


V2g(h + 2) 
with orifices where the contraction takes place throughout 
their entire perimeter. 


. 2A ; 
tion, the two ratios, D and ,are still greater than 


e 


MEASUREMENT OF THE VELOCITIES IN THE INTERIOR OF 
THE VEINS. 


We have endeavored to measure directly the velocities in 
the interior of the vein by making use of the instrument em- 
ployed for a similar study in the interior of the nappes in the 
case of weirs. This instrument, which is simply a particular | 
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form of the Pitot tube, consists of a copper plate 48 mm. wide 
by 3 mm. thick (Fig. а), sharpened at its upper edge and having 
two brass tubes 2 mm. in interior diameter soldered in a chan- 
nel formed in its lower edge. These two small tubes have no 
communication with each other. One of them has its opening 
at a in the up-stream extremity of the plate, and the other at Û in 
the lateral face of the plate (Figs. e and f). The small orifices 
in which they terminate are 1.5 mm. in diameter and I cm. 
apart. 

The plate, introduced into the interior of the vein, does not 
sensibly modify the flow. It is so placed that its vertical 
plane is parallel to the axis of the vein, and is held between 
two iron guides, which enable it to resist the pressure of 
the fluid. Figs. а апа 0 show the general arrangement of the 
apparatus. In Fig. а, which refers to the flow from vertical 
orifices, the plate is horizontal, while in Fig. 0, which refers to 
horizontal orifices, it is necessary to turn the plate upward ata 
right angle so as to present its upper extremity normally to 
the orifice. The small tube A, which we shall call the velocity- 
tube, opens directly up-stream, and thus receives directly the 
shock of the liquid vein, while the pressure-tube B opens flush 
with the lateral face of the plate, which is parallel with the 
direction of flow. It is therefore subject only to the interior 
pressure of the filament of water passing before its terminal 
opening. The pressures exerted upon the two orifices A and 
В were transmitted by means of the tubes under the plate, 
and by flexible tubes of lead and caoutchouc, to two vertical 
glass tubes 8.5 mm. in diameter, open at their upper extremi- 
ties and placed side by side upon a graduated scale (Fig. с). 
The variations of the level of the water in these tubes thus per- 
mits us to observe every modification of the velocities and of 
the pressures in the different parts of the vein. 
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We have made 37 experiments with the plate placed in the 
axis of the vein. They are as follows: 

Square ortfice.—8 experiments: in the plane of the orifice 
and at 0.04 m., 0.08 m., 0.12 m., 0.16 m., 0.20 m., 0.25 m., and 
0.30 m. down-stream. 

Circular vertical orifice.—7 experiments: in the plane of 
the orifice (under two different heads) and at 0.05 m., 0.09 m., 
0.12 mM., 0.13 m., and 0.15 m. downstream. 

Rectangular orifice.—6 experiments: in the plane of the 
orifice and at 0.05 m., 0.10 m., 0.15 m., 0.20 m., and 0.25 m. 
down-stream. 

Circular horizontal orifice, 0.20 т. in diameter.—9 experi- 
ments in the plane of the orifice and at 0.015 m., 0.035 m., 
0.059 m., 0.085 m., 0.112 m., 0.135 m., 0.165 m., and 0.195 
m. below the orifice. 

Circular horizontal orifice, O.YO m.in diameter.—7 experi- 
ments: in the plane of the orifice and at 0.26 m., 0.055 m. (2 
experiments), 0.083 m., 0.113 m., and 0.143.m. below it. 

The heads varied between 0.95 and 0.99 m., except in the 
case of one of the two experiments at 0.055 m. from the circular 
horizontal orifice of o.10 m. diameter, in which the head was 
reduced to 0.807 m. 

When the instrument just described is placed in the vein, 
we at once perceive, if the orifice on the velocity-tube is placed 
normal to the direction of flow, that the water rises in 
the tube to a level remaining perfectly constant. us level is 


that of the water up-stream, plus a small head, ES due to the 


velocity v of approach, if such velocity exists.* 


* This velocity of а was perceptible only in the case of the 


т? 
rectangular orifice, where — attained a value of 0.006 m. ог 0.007 m. In 
27 


the other cases it was negligible. 
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Designating by A the constant reading in the velocity- 
tube, we have therefore, for any point whatever in the vein, 


z+ P+ 42222 A, 
2g 
where z is the ordinate of that point, z the velocity, and P the 
pressure. 

But when the orifice of the velocity-tube is not normal to 
the direction of flow, as is the case on the circumference of the 
vein in the plane of the orifice and in the neighboring sec- 
tions down-stream, the level 4” indicated by the tube becomes. 
less than A.* 

At the end of the present memoir will be found detailed 
tables giving the elements of these experiments. The first 


column shows the position of the point considered ; the second 


* From this result we might deduce, if not the exact measure, at least 
an approximate indication of the inclination « of the axis to the direction 
of the flow by admitting that the level 4' shown by the velocity-tube cor- 
responds to the action of the component z cos « parallel to the axis, which 
gives 


222 Е cos а) 
25 
22 
ог = cos? а = А! — (z+ Р). 


25 
If we could turn the instrument so as to present the orifice of the velocity- 
tube normally to the direction of flow, we should have, neglecting the 
velocity of approach, 


u? 
k=z + РУ — 
25 
ut 
or Е 


from which, dividing the first expression by the second, 
cos a — 4/ 4 — (s t- P) 
۸ — (z+ P) 


We thus find that the filament situated 20 mm. to one side of the circu- 
lar orifice would make an angle of about 30° with the axis. 
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the head % upon the center; the third and the fourth the 
heads A and В indicated by the two tubes of the instrument. 
The difference A — B and the value of the pressure P are 
given in the fifth and sixth columns. The ordinates, z, have 
been referred to the horizontal plane passing through the 
center of the orifice, so that the constant elevation A indicated 
by the velocity-tube is simply the head Z upon the center. 

Examining the tables we find negative pressures in the 
sections furthest removed from the orifice, that is to say, pres- 
sures inferior to those of the atmosphere. This appears inad- 
missible, at least in so far as concerns the veins issuing from 
horizontal orifices where all the filaments converge, describing 
curves, the convexity of which is turned toward the vertical 
axis of the vein. These negative pressures cannot in general 
exist under normal conditions, but must result from the pres- 
ence of the instrument itself in the vein. It will be readily 
understood that notwithstanding the thinness of the plate car- 
rying the two tubes the liquid filaments must undergo a certain 
deviation and describe about the lateral orifice of the pressure- 
tube a curve whose concavity is turned toward that orifice. 
From this results a negative pressure, or suction, which reduces 
the level in the corresponding tube. This effect, which was 
not observable with the velocities measured by aid of the 
same instrument in our study of weirs, is rapidly accentuated 
with the increase of the velocity, which, in the veins issuing 
from our orifices, exceeded 4 m. per second. The negative 
pressures appeared first upon the sides of the vein. А little 
further from the orifice they were found in all parts of the 
section, but did not exceed a mean of 0.03 m. for vertical 
orifices and 0.06 m. for horizontal orifices, where the velocity is 
greater. 

When we calculate, by means of the velocities measured at 
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each point of the vein, the mean velocity for the entire section, 
and compare it with the value deduced from the discharge 
obtained in the experiments for calibration, we readily recog- 
nize that these negative pressures are really due to the presence 
of the instrument. 

If, in fact, we multiply each element of the surface dw by 


the corresponding velocity и, and then divide the sum Zuge 
Zudo* | 


by the total surface, О, the mean velocity U' = tnus 


obtained should coincide with the value U =% deduced in 
calibration ; but if, owing to the presence of the instrument, 
the pressure P becomes negative instead of remaining O or 
positive and very small, the velocities и deduced from the 


equation £ = А — (2 + P), and, consequently, their mean 
value VU’ will be somewhat too great. 

We obtain, therefore, by this process, mean velocities 
greater than those deduced from the discharge, and recognize 
accordingly the impossibility of attributing negative values 
to Р. We shall first perform this calculation for the circular 
orifices only. 

The calculated velocity VU’ is therefore too great by about 
3.54, owing to the suction exerted upon the lateral orifice of 
the instrument, the presence of which causes a slight perturba- 
tion of the flow. The error is otherwise not explicable, for 


* This calculation is practicable only in the case of circular horizontal orifices, 
or of vertical rectangular orifices, these being the only ones where the distribu- 
tion of the velocities is regular. For the rectangular orifice, the elements dc are 
horizontal rectangles of thickness de. For the circular orifice they are circles 
of radius 7 and thickness Zr. Тһе mean velocities resulting from this method 
ude Zi2urdr 

EE DUM 


vein and А the radius of the circular vein. 


, where Æ is the thickness of the rectangular 


of calculation are 
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HORIZONTAL CIRCULAR ORIFICE 0.20 м, DIAMETER. 
: Di с Меап Меап 
ы о E repe ne s ROT De- Velocity De- R Re 
. s uced from e t at = 
Second. але og Section, ће ара аА 10: | marks 
Discharge, urements. 
Ig О! 
Z 0 ° к; U' U 
Cubic 3 5 М М 
Meters: Meters. Meters. Meters. scons ое 
0.975 | 0.08266 0.059 0.01936 4.270 AKATA | 1 034 А 
0.976 | 0.08270 0.085 0.01869 4.425 4.621 I.044 B 
0.975 | 0.08266 0.112 0.01819 4.544 4.750 І.045 © 
0.975 | 0.08266 0.135 0.01786 4.628 4.820 І.О4І р 
0.980 | 0.08288 0.165 0.01750 4.736 4.852 1.024 E 
0.969 | 0.08241 0.195 0.01723 4.783 4.897 1.024 F 
HORIZONTAL CIRCULAR ORIFICE 0.10 M. DIAMETER. 
о 807 | 0.01902] 0.055 0.004718 4-031 4.174 1.035 G 
0.673 | 0.02094) 0.055 0.004729 4.428 4.578 1.034 H 
0.974 | 0.02090) 0.083 0.004646 4.499 4.659 1.036 I 
0.976 | 0.02092) O ITS 0.004584 4.564 4.741 1.039 ] 
0.981 | А 0.143 0.004528 4.631 4.805 1.038 K 
A. Slight negative pressures at the edges. Mean — — o.017 m. Maximum 
pressure, Р = + 0.158 m. 
B. Slight positive pressures in the central region ; maximum, Р = 0.035 m; 
mean of negative pressures — — 0.035 m. 
C. Negative pressures throughout the section. Mean — — 0.055 m. 
D “ “ “ “ “ e аи 0.067 “ 
Е. “ “ “ “ “ “ = — 0.052 [2j 
F. “ <“ € “ (€ “ =. — 0.055 с 
С. Slight positive pressures at the center. Mean of negative pressures = — 
0.022 т. 
H. Negative pressures throughout the section, Mean = — 0.033 m. 
1. “ “ “‹ «€ «€ < = == 0.043 ““ 
ig € “ “ “ “ “ = -- 0.052 <“ 
K [11 [11 e € “ “ = — 0.053 “ 


at a certain distance from the orifice the velocities аге perfectly 


equalized throughout the section of the vein, and there is there- 


fore no reason why pressures less than that of the atmosphere 


should exist wi 


thin it. 


The rectangular orifice without lateral contraction leads to 


less definite conclusions, owing to the indeterminateness exist- 


ing with regard to the true value of Q, and even in regard to 


the distribution of the velocities, which last is not exactly the 
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same throughout the whole extent of the nappe, the nappe 
itself not being exactly cylindrical. 


ГА 
Deduction of 4 
Head = о.о49 m. Discharge О = 0.5398 m.? 
рег Linear Meter, 
Distance of Area of Section 
Section from per Notes, 
Plane of Linear Meter. Velocity Velocity 
Orifice. w Deduced from | Deduced from Ratio. 
Discharge. Direct (gr? 
Measurements. War 
U == с” 
to 
Meters Meters 
Meters. Square Meters, per Second, per Second. 
0.15 0.1229 4.392 4.374 0.996 А 
0.20 0.1204 4.483 4.402 0.982 В 
0.25 0.1194 4.521 4.422 0.978 (© 
A. Pressure at center = o. Mean of negative pressures = — 0.014 m 
B. Negative pressures throughout the section. Mean = — 0.020 m. 
(С. «€ $6 “ ce “ “ = — 0.019 m 
/ 
The values of ~+ instead of being greater than unity, аге, on 


U 
the contrary, а little less, notwithstanding the indication of 
negative pressures, which, it is true, are less marked than in the 
preceding cases. It is, however, difficult to draw definite con- 
clusions from them. 


DISTRIBUTION OF THE VELOCITIES AND OF THE PRESSURES 
IN THE PLANE OF THE ORIFICE. 


Let us in the first place consider the simple case of a circu- 
lar horizontal orifice. We have already seen that the water 
rises in the velocity-tube to a constant elevation, which is that 
of the water up-stream when the orifice of the tube is pre- 
sented normally to the direction of flow; in other words, we 
have generally 


e+P+ Tosh 
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In sections of the vein near the orifice, the preceding rela- 
‘tion is fully satisfied only near the central portion, the first 
member of the equation becoming less than Z in the neighbor- 
hood of the perimeter, owing to the obliquity of the filaments; 
but we may admit that if we can.in this last portion of the 
vein direct the orifice of the tube normally to the velocities, 
the instrument will show here, as elsewhere, the constant head 
й. On the other hand, the plate of the instrument being 
placed in the vertical plane which divides the orifice symmetri- 
cally into two parts, the velocities, necessarily parallel to that 
plane, have no oblique component which could influence the 
reading in the pressure-tube by altering the value of P. 

The foregoing equation, therefore, remains applicable, and 
enables us to deduce the value of the velocity и from the ob- 
served value of the pressure P. Dividing by AZ, we may write 
2 u* 

7 


jus 


2 
A A ag 


In the plane of the horizontal orifice, taken as the plane of 


reference for the heights, 2 is o, and we have, simply, 


а u’ 
TEM PE 


The calculation for the two orifices is as follows: The 
radius А not being the same, it is best to determine P and z for 
a series of homologous points at distances of 44A, 2,5, 
jjR.... each side of the center. We thus obtain the results 
given in the table at the beginning of the next page. 

It will be seen that there is, at the center, a minimum 
velocity about which the other velocities are symmetrically 
distributed. 
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CIRCULAR HORIZONTAL ORIFICES. 


Diameter 


= 0.20 m. 


Mean Head, л = 0.974 m. 


Diameter 


= о.то m. 


Mean Head, Z = 0.963 m, 


Distance 1? 2 =й д 
Value of —. Value of 5 Value of —. Value of B 
Canter. i agh д Vag 
Above Below Above Below Above Below | Above | Below 
Center. | Center, | Center. | Center. Center. | Center, |Center.|Center. 
o (center)... 0.595 0.636 0.585 0.644 
ФА носы O03 0.600 | 0.638 0.634 0.587 0.575 | 0.643 | 0.652 
One Tot ео, 0.580 0.587 0.648 0.642 0.577 0.576 | 0.650 | 0.651 
Оз ocd! OBS | C572 || OOO 0.654 0.576 | 0.564 | 0.651 | 0.660 
OW aco ЫЗЫЛ 0.574 0.667 0.652 0.566 0.567 | 0.659 | 0.658 
Боно 0.549 | 0.554 0.671 0.668 0.560 | 0.544 | 0.663 | 0.675, 
ОО OS 0.542 0.682 0.677 0.526 | 0.527 | 0.689 | 0.688 
Cap dS oce 0.507 | 0.505 0.702 0.704 EO «cesta PS MENU. 
ОО O22 0.492 0.691 0.713 5o 


Three experiments were made at very small distances be- 


low the two circular orifices, Viz., at 0.015 m., and 0.035 m. for 


the orifice 0.20 m. in diameter and 0.026 m. for that of o.10 m. 


diameter. 


We will repeat the same calculation for these ex- 


periments, remarking that, owing to the verticality of the vein, 


it is proper to augment by the foregoing quantities the heads £ 
referred to the plane of the orifice itself. 


Diam. = o.20 m. Values of 22 2іат.=ото т. Values of 
Y 28h Узе 
Distance 
In the Plane of In the Pl f .026 m. 
eno the Orifice. ле уон, the Omics "below. 
й = 0.974 m. A = 0.963 m. A = 0.996 m. 
Above | Below | Above | Below | Above | Below | Above | Below | Above | Below 
Center.|Center.|Center.|Center.|Center.}Center.|Center.;Center.|Center|Center 
a тт сан ш —ÀÀ = = 
О (center) о.636 0.725 0.838 0.644 0.881 
OI. 0.638 | 0.634 | 0.726 | 0.731 | 0.853 | 0.843 | 0.643 | 0.652 | 0,887] 0.887 
0.2^....| 0.648 | 0.642 | 0.724 | 0.737 | 0.864 | 0.848 | 0.650 | 0.651 | 0.888| о.дот 
0.32... | 0.650 | 0.654 | 0.734 | 0.745 | 0.863 | 0.859 | о 651 | 0.660 | 0.904] 0.894 
0.4^....| 0.667 | 0.652 | 0.743 | 0.759 | 0.904 | 0.876 | 0.659 | 0.658 | 0.921] 0.927 
0.5 &....| 0.671 | 0.668 | о 760 | 0.783 | 0.900 | 0.908 | 0.663 | 0.675 | 0.935| 0.940 
о.6^....| 0.682 | 0.677 | 0.798 | 0.820 | 0.948 | 0.929 | 0.689 | 0.688 | 0.964! 0.974 
0.74....| 0.702 | 0.704 | 0.828 | 0.855 | 0.981 | 0.958 | .... | .... | 0.984| 0.994 
0.8/0... .| 0.691 | 0.713 | 0.898 | 0.914 | 1.000 | 1.000 SS il FOO OOO 
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Examination of the foregoing table shows with what ra- 
pidity the velocities vary with the distance from the orifice. 


For the orifice 0.20 m. diameter the ratio ——— at the center 


20) 


of the vein is 0.84 at a distance of 0.35 т. from the orifice, 
while in the plane of the orifice itself it is but 0.64. For the 
orifice 0.10 m. in diameter, a distance 0.026 m. from the orifice, 
which, relatively to the diameter of the orifice, is greater than 
in the foregoing case, raised the same ratio from 0.64 to 0.88. 
At a distance А from the orifice we no longer find а trace 
of a minimum in the central region, and the velocities are com- 
pletely equalized throughout the entire cross-section. 

The velocities and the pressures vary no less rapidly up- 
stream from the orifice. We may take account of this by plung- 
into the basin up-stream, as Lagerjelm did, a vertical tube open 
at both ends, in such a manner that its lower end is near the 
plane of the orifice. Lagerjelm’s experiment, often quoted, is 
described in the following terms ky Messrs Poncelet and 
Lesbros ; 

* M. Rudberg, the learned professor at the University of 
Stockholm, informed us at the time of his visit to Metz, in 
1826, of the result of certain special experiments by M. Lager- 
jelm which seem to establish this fact,* and which he had 
occasion to repeat at Paris, in the presence of several members 
of the Royal Academy of Sciences, notably of M. Ampére. A 
tube, open at both ends, was plunged vertically above a circu- 
lar orifice formed in the plane horizontal face of a relatively 


very large reservoir, in such a manner that its lower extremity 


*'The fact that the excess of the interior pressure over that of the atmos- 
phere appeared to differ but little from the pressure corresponding to the entire 


head of the liquid for all the points in the reservoir in the immediate vicinity of 


the orifice. 
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EXPERIMENTS UPON THE 


CIRCULAR HORIZONTAL ORIFICES. 


Diameter = 0.20 m. Diameter = Ото, 
Mean Head, # = 0.974 ш. Mean Head, # = 0.963 ш, 
Ee Value of 2 Value of —“— Value of eu Value of =; 
Center. 2 28 f 2gh 
Above Below Above Below Above Below | Above | Below 
Center. | Center, | Center. | Center. | Center. | Center, |Center.|Center. 
о (center).. 0.595 0.636 0.585 0.644 
Ol 02205 о.боо | 0.638 0.634 0.587 0.575 |0.643 | 0.652 
Q2. нее ь 0.580 | 0.587 0.648 0.642 0.577 0.576 | 0.650 | 0.651 
HESS 0.578 | 0.572 0.650 о.654 0.576 0.564 | 0.651 | 0.660 
О... 0.554 | 0.574 0.667 0.652 0.566 0.567 | 0.659 | 0,658 
OA 0.549 0.554 0.671 0.668 0.560 0.544 | 0.663 | 0.675, 
о.6^... 0.535 0.542 | 0.682 0.677 0.526 | 0.527 | 0.689 | 0.688 
ОА S ete utere 0.507 0.505 0.702 0.704 eee аЬ Pero | tas Ко. 
Oso keane 0.522 0.492 0.691 O EG 222% 


Three experiments were made at very small distances be- 


low the two circular orifices, viz., at 0.015 m., and 0.035 m. for 


the orifice 0.20 m. in diameter and 0.026 m. for that of оло m. 


diameter. 


We will repeat the same calculation for these ex- 


periments, remarking that, owing to the verticality of the vein, 


it is proper to augment by the foregoing quantities the heads £ 
referred to the plane of the orifice itself. 


Diam. = o.20 m. Values of Оїаш.=о.то m. Values of 
Y 22A Узе 
Distance In the Plane of In the Plan 

со | the Orifice. Ў А о = 
“| д = 0.974 m. A = 0.963 m. = 0.996 m. 
Above | Below | Above | Below | Above | Below | Above | Below | Above | Below 
Center. |Center. |Center. |Center. |Center.|Center. | Center. Center. | Center Center 

O (center) 0.636 0.725 0.838 0.644 0.881 
о.12....| 0.638 | 0.634 | 0.726 | 0.731 | 0.853 | 0.843 | 0.643 | 0.652 | 0.887| 0.887 
0.2^.... 0.648 | 0.642 | 0.724 | 0.737 | 0.864 | 0.848 | 0.650 | 0.651 | 0.888| о.дот 
0.34... | 0.650 | 0.654 | 0.734 | 0.745 | 0.863 | 0.859 | о бт | 0.660 | 0.904] 0.894 
0.4^....| 0.667 | 0.652 | 0.743 | 0.759 | 0.904 | 0.876 | 0.659 | 0.658 | 0.921| 0.927 
0.5 &....| 0.671 | 0.668 | o 760 | 0.783 | 0.900 | 0.908 | 0.663 | 0.675 | 0.935| 0.940 
о.6^....| 0.682 | 0.677 | 0.798 | 0.820 | 0.948 | 0.929 | 0.689 | 0.688 | 0.964] 0.974 
QUIS Or 7021077042 1055259 OOS OOS OOS | BESTES KONG GA 0.994 
0.82... .| о. бот | 0.713 | 0.898 | 0.914 | 1.000 | 1.000 бола | (07010)! 1.000 


CONTRACTION OF THE LIQUID VEIN. 27 


Examination of the foregoing table shows with what ra- 


pidity the velocities vary with the distance from the orifice. 


For the orifice 0.20 m. diameter the ratio at the center 


2g 

of the vein is 0.84 at a distance of 0.35 m. from the orifice, 
while in the plane of the orifice itself it is but 0.64. For the 
orifice 0.10 m. in diameter, a distance 0.026 m. from the orifice, 
which, relatively to the diameter of the orifice, is greater than 
in the foregoing case, raised the same ratio from 0.64 to 0.88. 
At a distance R from the orifice we no longer find a trace 
of a minimum in the central region, and the velocities are com- 
pletely equalized throughout the entire cross-section. 

The velocities and the pressures vary no less rapidly up- 
stream from the orifice. We may take account of this by plung- 
into the basin up-stream, as Lagerjelm did, a vertical tube open 
at both ends, in such a manner that its lower end is near the 
plane of the orifice. Lagerjelm's experiment, often quoted, is. 
described in the following terms ky Messrs Poncelet and 
Lesbros; 

* M. Rudberg, the learned professor at the University of 
Stockholm, informed us at the time of his visit to Metz, in 
1826, of the result of certain special experiments by M. Lager- 
jelm which seem to establish this fact,* and which he had 
occasion to repeat at Paris, in the presence of several members. 
of the Royal Academy of Sciences, notably of M. Ampére. A 
tube, open at both ends, was plunged vertically above a circu- 
lar orifice formed in the plane horizontal face of a relatively 


very large reservoir, in such a manner that its lower extremity 


* The fact that the excess of the interior pressure over that of the atmos- 
phere appeared to differ but little from the pressure corresponding to the entire 


head of the liquid for all the points in the reservoir in the immediate vicinity of 


the orifice. 
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was at a little distance on one side or the other of the center 
of the orifice. Thereupon the liquid was seen to rise vertically 
in the tube nearly to the upper level of the reservoir, and to 
maintain practically that level so long as the lower extremity 
in question was not placed perceptibly below the inner edge 
of the orifice.” 

If this fact were exact, that is to say, if the pressure P on the 
center of the orifice were precisely equal to the head /, the 
velocity at that point would be zero, and this would be a con- 
tradiction of the results which we have just obtained. Desiring 
to ascertain the reason for this discrepancy, we repeated and 
completed the experiment of Lagerjelm upon our two orifices 
0.20 m. and 0.10 m. in diameter, respectively. For this purpose 
we placed in the vertical line passing through the center of the 
orifice a glass tube opened at both ends and moved it up and 
down in that vertical so as to obtain the pressure not only on 
the plane of the orifice, but above it, up to the point where 
there is no longer an appreciable velocity. It was possible 
even to allow the tube to penetrate a little below the orifice and 
into the interior of the vein. The fact announced by Lager- 
jelm was not verified, and a material reduction of the level 
took place within the tube. A graduated scale attached to 
the tube and having its divisions visible through the liquid 
permitted an exact measurement of this reduction. At first 
we employed a tube 13 mm. in exterior diameter. When 
its lower extremity A touched the plane of the orifice, the re- 
duction BC of the level, slightly surpassed one half of the head 
A, hence the pressure AC was less than /; in other words, 
sensibly less than the pressure obtained in our previous experi- 
ments. This difference is easily explained, inasmuch as the 
mean pressure in the dead space AD, about which the liquid 


filaments, separated by the tube, are in motion, previous to 


CONTRACTION OF THE LIQUID VEIN. 20 


their being reunited at D, is less than the pressure upon 4. In 
order to eliminate this source of error, we substituted for the 
large tube АР a tube EF, tapered, at the lower end, and ter- 
minating there in a very small orifice, 1 mm. in diameter. The 
deviation to which the filaments were subjected was thus ren- 
dered much less sensible, and in this way we again obtained the 
value of P already obtained by another process.* 

We moved the two tubes vertically away from the plane 
of the orifice until the reduction of the level became inappre- 
ciable. This took place when the elevation of their lower ex- 
tremity above the orifice was about equal to their diameter. 
The results are grouped in the two tables on pp. 30, 31 "he 
first of these contains the immediate results of the experiment, 
that is to say, the pressure P measured in each point defined by 


its ordinate z above the orifice, and the ratios of each 


й—8 
pressure to the corresponding head. The second table con- 


tains a resumé of the figures given in the first, grouping to- 


gether those values of which correspond, for the two 


orifices, to homologous points, that is to say, to points whose 
ordinate 2 has the same ratio to the diameter 2A of the 
orifice. 

An examination of the second table shows in the first place 
that the results are perfectly in accord for the two orifices, the 


га. being equal for a given value of 25 and this is 


values of 2 
the case also with the large tube аз well as with the tapering 
one. The discrepancy between their indications increases as 
the tube is plunged deeper into the liquid; in other words, as 


the velocities increase. 


* The reduction of the level in the vertical tube increased notably when one 


of the eddies which we have mentioned was produced. 


30 EXPERIMENTS UPON THE 
ри Tapered Tube. Cylindrical Tu be. 
а. Pressure in Ratio. Pressure in 
Orifice. Head. the Tube. Р Head. the Tube. 
2 А Ved 4-2 А o 
Millimeters, | Millimeters, |Millimeters. Millimeters. | Millimeters 
(т) ORIFICE 0.20 M. DIAMETER. 
+ 200 1009 809 I.000 957 756 
+ 160 1006 840 0.993 1020 850 
+ 140 995 845 0.988 997 843 
— 120 1005 866 0.979 1005 861 
+ тоо IOOI 871 0.967 998 861 
+ 8o 1005 868 0.938 1003 854 
+ 70 1000 863 0.928 IOOI 843 
-+ бо 995 838 0.896 997 821 
- 50 999 828 0.872 998 792 
+ 45 IOOI 814 0.851 1000 78r 
+ 40 990 800 0.842 997 757 
+ 35 1008 : 787 0.809 IOOI 743 
+ 30 1007 769 0.787 1000 719 
m 996 740 0.762 999 684 
+ 20 996 718 0.736 IOOI 655 
+ 15 1000 686 0.696 1000 610 
+ то 990 653 о.666 1003 573 
—- е5 980 619 0.635 996 528 
о 999 587 0.588 тооб 479 
= в 998 551 0.549 1002 450 
— 10 1000 503 0.498 998 393 
— 15 1002 481 0.473 IOOI 355 
— 20 1002 430 0.421 1000 305 
— 25 1008 403 0.390 256 
mE 29. 995 340 0.332 ... 
-- 25 985 316 0.310 Wp Ы 
— 40 1002 280 0.269 оа о 
== 45 955 250 0.250 e 
— 50 1005 210 0.199 OOK 
— 55 998 197 0.187 сәре Q 
— 60 1003 155 0. 146 A с 
-- 65 1003 IIS 0.108 5 5 
(2) ORIFICE о.то м. DIAMETER. 
+ 100 1022 922 І.000 1034 933 
21-7 00 1040 948 0.998 1037 943 
+ 80 1026 938 0.992 1034 947 
+ 70 1040 957 0.987 1036 955 
ar 09 1030 947 0.976 1033 950 
+ 50 1038 954 0.966 1036 947 
3p © 1032 935 0.943 1033 926 
+ 30 1035 907 0.902 1033 880 
+ 20 1031 849 0.840 1035 801 
ap 5 1032 802 0.789 1034 743 
+ 10 1031 750 0.735 1034 680 
+ 5 1031 690 0.673 1035 602 
+ 2 1032 631 0.613 1036 523 
о 1032 608 0.589 1037 496 
-- 2 1032 568 0.549 caches ооб 


Ratio of 
Height z to 
Diameter 2X 
of Oritice. 
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RÉSUMÉ FOR THE Two ORIFICES. 
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Value of EE 
' Tapered Tube, Cylindrical Tube. 
Diam. = 0.20 m. Diam. = оло m. | Diam. = o.2o m, | Diam. = оло m. 

I.000 т.000 0.999 0.999 

ees 0.998 Sol 0.996 
0.993 0.992 0.988 0.993 
0.988 0.987 0.984 0.989 
0.979 0.976 0.973 0.976 
0.967 0.966 0.959 0.960 
0.938 0.943 0.925 0.933 
0.928 SIND 0.906 юр 
о.896 0.903 0.876 0.877 
0.872 SIS 0.836 Seide 
0.851 Ж. 0.818 еті 
0.842 0.840 0.791 0.789 
0.809 а 0.769 545 Ub 
0.787 0.789 0.741 0.729 
0.762 ans 0.702 2004 
0.736 0.735 0.667 0.664 
0.696 то 0.619 ood 
0.666 0.673 0.577 0.584 
0.635 nen 0.533 КО 

Jod 0.613 dba 0. 506 
0.588 0.589 0.476 0.478 

ee 0.549 hostis proc 
0.549 ono 0.447 A 
0.498 T 0.390 .... 
0.473 m 0.349 ооой 
0.421 dod 0.299 26 
0.390 $90 ао ^c 
0.332 dea ; 3560 
0.310 2255 E dc 
0.269 .... .... ae 
0.250 vite = 3506 
0.199 .... 4... tee 
0.187 AX CAO 8... 
0.146 de "nha бы 
0.108 OG . ao 


Considering in particular 


where z equals o, we have 


the very center of the orifice, 


Values of ы 


= 


Tapered Tube. 


Orifice 0.20 m. in diameter....0.588 


44 


OD ONT 


[11 


2,220,560 


h 


эр; 


Large Tube. 
0.476 
0.478 
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When measuring the pressures we found: 


4 
Orifice 0.20 т. іп diameter 2 = 0.595 
“ 1 “ “ Р = 8 
0.10 m. j = 0.585 
The pressures indicated by the large tube are too small, as. 


{2 
we have already indicated. The four other values of 2 аге 


perfectly in accord, and give to that ratio the mean value 0.59. 
We thus have, for the corresponding velocity, и = 0.64 V2gh. 
The experiment was repeated with a tapering tube upon 
two smaller orifices 0.07 m. and 0.05 m. diameter. The reduc- 
tion of level, as in the case of the two orifices 0.20 m. and 0.10 
m. diameter, first became perceptible after rising to a height 
nearly equal to the diameter. When the head was made to 


а MEUS 
vary between 0.50 m. and 0.90 m., we found that the ratio 7 


was constant. Its value was 0.575 for the orifice of 0.07 m. 
and 0.558 for that of 0.05 m. It thus appeared to diminish 
slightly with the diameter. 

It is not impossible that this diminution may be explained, 
11 part. at least, by the presence of the tube, the effect ог 
which becomes more sensible with a small orifice. 

The experiment was, however, extremely delicate. The 
least displacement of the extremity of the tube caused a 


"D 
notable variation of the ratio 7: 


The tapering tube having penetrated a little below the plane 
of the orifice of 0.20 m. diameter, we have, for that region, 
certain values comparable to those obtained by a direct meas- 
urement of pressures. 

The accord between the two methods of experimentation 


is as satisfactory as could be wished. 
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Values of > obtained, 
AÀ—z 
LA 
2R* 
А At the Time of 
With the З 
Tapering Tube. | Measuring the 
ЭТ. 0.588 0.595 
он 0.549 Ж, 
Е ООО м жэл» Ұз еее е ана аэ VS Si жга (.198 лз 
ао окоо е рО Ae 0.473 0.475 
ОООО ТЕБЕТ 55 0.421 NA 
ее. 0.310 0.297 
а 552222225252. 0.187 mod 
— 0:.205......» О че 4556 0.153 
see ORGS Cage Ios ain sib als bale ТЫЗ)» 0.146 RUE 
ЕЕРЕЕ акла э е 0.108 о 
АОБ а... а НОА PEA 0.029 


Passing to the vertical orifices, the head being no longer 
constant throughout the surface of the orifice, the discussion of 
the results obtained with the Pitot tube leads to sensibly dif- 


ferent results. 


u 
Let us, in the first place, perform the calculation of 27) 


for the two orifices with complete contraction, giving to 2 the 
values + 0.14, + 0.24... in which A denotes half the height 
of the opening, say оло m. The sign -+ corresponds to points. 
situated above the center, and the sign — to those situated 
below it. (See table on next page.) 

There is still, in the plane of the orifice, а minimum velocity 
Ta the value of which is approximately u = 0.64 4/2g4 for 
a square orifice, and и = 0.62 V 2gh for a circular orifice. This 
minimum is no longer at the center, but a little above it. It 
disappears rapidly as the distance from the plane of the orifice 
increases. At 0.08 m. or 0.09 m. from that plane it is hardly 
perceptible. At 0.10 m. and 0.12 m. it disappears, and the 
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AGE ese bs `°* [189 | обро | 1во-о 4- 
t96:0 о 676`о |4200 | t99'o 6gt'o | 140'о + 
696% о 9£6'0 | доо | otg'o | 625-0 1900 + 
1460 | Д0о'о | 66g:0 |Єїг о 6600 | 8750 |1500 + 
2060 |%оо| 4960 | tLro 5200 | oLS‘0 | оғоо + 
0960 | дого | (зто | того 2200 | ZgS-o | o£oʻo + 
2060 | bSo'o 9980 | Ofz'O | %200 |066`о | огоо + 
2060 | Sgo'o 50870 | Ibz'o 8200 | zog‘o | отого + 
096°0 | 6/0`0 togo |2520 16070 | zog‘o о 
5960 |6700! бово | %5ео 8000 |10100 | ого'о — 
6960 | твого | 6Zg:o 872'0 | 6£9:0 | того | осоо — 
0660 | 150`о | вдо | срео 0500 | водо | обоо — 
4660 | gto'o | 616`о | ого £L9°0 |885`0 | ороо — 
Foor |zto'o| LE6-0 |zLro 6L9°0 |065`о | 1S0°o — 
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velocities increase continuously in crossing the vein from above 
to below. 
It now remains only to study the distribution of the veloci- 


ties of the rectangular orifice without lateral contraction. 


VERTICAL RECTANGULAR ORIFICE o.20 M. HiGH WITHOUT 
LATERAL CONTRACTION. 
Mean Head, 4 = 0.949 m. 
Ordinate. Ratio. In the Plane of о.о m. from the о.то m. from the 
the Orifice. Orifice. Orifice. 
5 2” “ я “ Р и 

z 2 P» = کے‎ = 

* Y 2gh 4 V 2gA A V 2gA 

ТОВЫ ее — 0.084 | 0.290 | 0.895 Жа E EE: ее 
Е 0.74... =... — 0.074 | 0.368 0.844 0.036 1.022 о 1.038 
— 0.64........! — 0.063 | 0.466 | 0.778 0.090 | 0.990 [9] 1.033 
а — 0.053 | 0.491 0.754 0.148 0.954 о 1.028 
Sy Cr PA — 0.042 | 0.514 | 0.731 0.185 0.929 0.013 1.018 
OE e eee s — 0.032 | 0.528 | 0.714 0.219 0.905 0.048 0.995 
OA aig оная — 0,021 | 0.528| 0.707 0.243 | 0.885 0.042 0.993 
o e ae e — 0.0II | 0.528 | 0.699 0.244 0.879 0.050 0.984 
о (center).... (9) 0.528 | 0.692 0.246 | 0.872 0.041 0.982 
OTA eu. sss + о.отт | 0.518 | 0.690 0.240 | 0.870 0.033 0.982 
-0.24........| - 0.021 | 0.514 | 0.687 0.224 0.873 0.021 0.982 
А оо ыа + 0.032 | 0.499 | 0.689 0.101 0.885 о 0.986 
a + 0.042 | 0.470 0.703 0.144 о 906 о 0.985 
ро ,......, + 0.053 | 0.431 0.723 0.092 0.928 о 0.980 
= УАУ + 0.063 | 0.381 | 0.750 0.040 0.951 о 0.978 
E204... nes + 0.074 | 0.309 | O.79I о 0.965 22 

зе ЛАОС + 0.084 | .... d rn aote eor 


The minimum of the velocities, which, in the orifices with 
complete contraction, was only from 0.62 to 0.64 У2ей, here 
increases to 0.69 V2gh, owing to the suppression of the lateral 
contraction. It is still perceptible at 0.05 m. from the plane of 
the orifice, but it disappears at 0.10 m. 


RÉSUMÉ OF THE DISCUSSION OF THE EXPERIMENTS. 


We shall now endeavor to review in a few words the various 


results thus far obtained. 
In the first place, we remark that in our experiments we 
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have not observed the generally admitted existence of a con- 
tracted vein, if that expression is tobe understood in the sense 
of a minimum section. In reality, the vein, after being rapidly 
contracted upon passing the orifice always continues to contract, 
much more slowly but constantly, as its distance from the 
orifice increases. 

There is no doubt as to the absence of the minimum of 
section for the veins issuing from our circular and rectangular 
orifices. As to the square orifice of 0.20 m. there may be some 
doubt. Messrs. Poncelet and Lesbros obtained in 1828, for the 


successive sections of the vein, the following figures: 


Distance of Section Area of Coefficient 
from the Orifice. the Section. of Contraction. 
x [с>] == = 
0.064 т. 0.025205 m.? 0.630 
отто “ 0.024512 ““ 0.613 
(0510 а) 110 0.023746 “ 0.594 
0.200 “ 0.023301 “ о 582 
0.250 ©“ 0.023204 “ 0.580 
0.300 “ 0.022506 “ 0.563 
0.350 “ 0.023948 “ 0.599 
0400 2 0.024362 “ 0.609 
0.500 “ 0.024427 “ 0.611 


The value 0.022506 та." at a distance of 0.30 m., is evidently 
not exact. М. Lesbros has substituted for it, in consequence 
of his verifications of 1834, the figure 0.023062 т.’ А mini- 
mum exists, indeed, in the series, and corresponds to the dis- 
tance x = 0.30 m. Between the orifice and this minimum sec- 
tion, all the values of œ are a little less than that which we 
ourselves have obtained. The two series are not entirely com- 
parable and the sections do not exactly correspond. The head 
being about 1.70 m. in the experiments of Messrs. Poncelet and 
Lesbros, the vein was more elongated than in ours, where the 
head was only 0.95. 
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At distances greater than 0.30 m. the section becomes very 
difficult to measure. The vein, it is true, appears to expand, 
but, at the same time, it becomes hollow, forming four very 
sharp edges, and it is indeed uncertain whether the area of the 
section is really increased. 

Operating very carefully with our extreme section at 0.35 m. 
we arrived at two somewhat different values, 0.0226 m.’, and 
0.0238 m.', both less than those of the foregoing table. 

However this may be, the complex form of the vein and 
its instability render it ill adapted to a theoretical research such 
as that with which we are occupied. 

Examining the distribution of the velocities in the plane of 
the orifice itself, we find that there exists a minimum. For 
circular orifices in a horizontal plane this minimum is, of course, 
at the center. In the case of vertical orifices it is found a 
litle above the center of gravity of the section. We have 
obtained as the value of this minimum 0.62 to 0.64 V 2g% for 
orifices with complete contraction and 0.69 4/277 for the rec- 
tangular orifice with the lateral contraction suppressed. 

As we increase the distance from the plane of the orifice, 
the velocities are rapidly equalized in the vein issuing from a 
circular orifice, and soon become uniform throughout the entire 
extent of the transverse section. 

This is not the case, however, with orifices in a vertical 
plane. The minimum existing in the central region soon dis- 
appears, but the velocities in the lower part of the vein remain 
greater than those in the upper part. 

The vein diminishes in cross-section as the distance from 
the orifice increases ; the section diminishing and the velocity 
U increasing by reason of the acceleration due to the fall. If 
we put U— К V 2g(À + y), y representing the fall of the cen- 
ter of the section below that of the orifice, the coefficient А 
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is slightly less than unity in the case of the horizontal orifice. 
On the contrary, it exceeds unity for the vertical orifice. Іп 
both cases it appears to increase up to a certain distance from 
the orifice, where it attains a maximum and then diminishes 
progressively. This maximum would be only a few thou- 
sandths less than unity for horizontal circular orifices, but it 
might attain to 1.03 or 1.04 for vertical orifices, varying with 
their form and with the head. 

The determination of X is very delicate, since it depends 
upon the measurement of the transverse section, an operation 
which is rendered difficult by the continual movement in the 
liquid vein. 

With a circular orifice 0.20 m. in diameter, we must, in 
order to obtain the area of the section within o.o1 of its 
value, be able to measure its mean diameter with an error not 
exceeding $ of a millimeter. Тһе great regularity of the 
vein permits this degree of approximation, and by measuring 
it by means of 24 convergent points, we obtain the maximum 
маше of AG = от. 

This measurement is much more difficult when the orifice 
is square, owing to the singularly complex form of that sec- 
tion. In 1828 M. Lesbros had obtained K = 1.064, an exagger- 
ated value, which he expected, after discussing all of the 
results, to be able to reduce to 1.024. Verification afterward 
made in 1834 gave 1.038 under a head of 1.71 m., and we our- 
selves obtained the value А = 1.027 with a head of 0.95 т. 
These differences result from the causes of error inherent in 
the operation. 

The rectangular orifice without lateral contraction appeared 
at first very favorable to the determination of K, the measure- 
ment of the section being reduced to that of the thickness of 


the nappe. Unfortunately, however, that nappe oscillates in- 
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cessantly in a manner even more pronounced than that of 
veins in complete contraction. We have already obtained 
K = 1.039 at 0.30 m. from the orifice, a value probably a little 
too great. 

But, however great the difficulty of an exact determination 
of А, it is incontestable that that coefficient is greater than 
unity, with vertical orifices. This conclusion appears at first 
in contradiction with the fundamental principles of hydraulics. 

Concerning a single filament, or a pencil of filaments hav- 
ing equal velocities, we find indeed for K values a little less 
than unity owing to the internal friction of the liquid. This 
case is nearly realized in the circular horizontal orifice. The 
difference, 1 — А, is always very small, the effect of friction 
being scarcely appreciable. It would probably be the same 
for a vertical orifice if the head were very great relatively to 
its dimensions, so as to equalize the initial velocities, but the 
question is much more complex when the head is not very 
great. The velocities in the different filaments are then un- 
equal. Their directions depend upon the configuration of the 


contour of the orifice, and the formula U = У2е(2-- y) is 
no longer rigorously exact from a theoretical point of view. 


In certain portions of the liquid vein the instrument em- 
ployed gives pressures less than that of the atmosphere. The 
comparison of these results with the discharges resulting from 
the direct calibration have shown that the negative pressures 
were due, at least so far as concerns the circular horizontal 
orifices, to the suction exerted by the water in motion over the 
small lateral orifice of the instrument. It is almost impossible, 
when the velocities are considerable, to eliminate this cause of 
error. We saw, in repeating the experiment of Lagerjelm, at 
what point it affected the indications of the vertical tube 


I3 mm. in external diameter lowered to the center of the 
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orifice. Although much reduced, it is certainly not com- 
pletely eliminated by the tapering of the tube. It is not 
impossible that, for certain special veins, subjected, like that of 
the square orifice, to considerable deformation, the divergence 
of certain filaments gives rise to pressures slightly less than 
that of the atmosphere; but, as we have just said, the experi- 
mental demonstration of this fact is very difficult, since we 
cannot completely protect the instrument used against the 
perturbing action exerted by neighboring filaments, when 
these are moving with great velocity. 

The experiments which we have described were made, 
under our direction, by M. Hégly, conducteur des Ponts et 
Chaussées, whose services were placed at our disposal for the 
study of the flow over weirs, which we have followed for sev- 
eral years with the assistance of the Minister of Public Works. 
The knowledge and intelligence of this devoted collaborator 
have been of the greatest service to us in these delicate re- 
searches, which required a high degree of care and precision. 
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DETERMINATION OF THE VELOCITIES AND OF THE PRESS- 
URES IN THE INTERIOR OF THE LIQUID VEINS. 


The millimeter is taken as unity. The figure inscribed in the column a 
(position of the points taken) indicates: 1, For vertical orifices, the ordinate z 
of the point under consideration referred to'a horizontal plane passing through 
the center of the orifice; 2, for horizontal orifices, the distance measured hori- 
zontally from the point under consideration to the up-stream edge of the orifice, 

The indication placed at the head of each experiment, and showing the 
distance of the section from the plane of the orifice, refers to the position of the 
orifice of the pressure-tube, that of the velocity-tube being o.or m. further up- 
stream. 5 


+ Level in the Tube. 
a | оош sai Pressure. | Value of 
Of Velocities. | Of Pressures. А — B. 
a A A B Та ВЕЕ: 


2 

VERTICAL SQUARE ORIFICE 0.20 M. 
October and November, 1890. Mean Temperature of the Water, 10.5° C. 
(1) In the Plane of the Orifice. Mean Head, 2 = 0.953 m. 


— 81 952 800 302 383 498 
— 78 952 820 320 398 500 
is 952 855 390 465 465 
— 70 956 865 420 490 445 
— 65 953 895 4бо 525 435 
== бо 954 905 475 535 430 
-- 55 950 922 510 565 412 
EBD 956 929 520 570 409 
— 45 952 937 525 570 412 
— 40 952 940 534 574 406 
= 35 955 942 538 573 404 
— 30 953 945 545 575 400 
— 25 952 947 554 579 393 
E 952 948 556 576 392 
= 15 951 950 558 573 392 
— IO 953 953 570 580 383 
— 5 951 951 561 566 390 

о 952 952 560 5бо 392 
эи 952 952 563 558 389 
+ то 952 952 560 550 392 
#15 953 951 562 547 389 
+ 20 953 951 558 538 393 
- 25 954 949 562 537 387 
- 30 954 950 565 535 385 
+35 953 947 562 527 385 
+ 40 953 946 564 524 382 
= 45 952 940 558 513 382 
+ 50 953 938 558 508 380 
+ 55 952 930 547 492 383 
+ 60 953 922 530 470 392 
+ 65 953 903 515 450 388 
+ 70 950 898 510 440 388 
+ 75 950 870 482 407 388 
+ 80 952 830 465 385 365 
SS ST 953 825 460 379 365 
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DETERMINATION OF THE VELOCITIES AND OF THE PRESS- 
URES IN THE INTERIOR OF THE LIQUID VEINS.—Continued. 


| =: 


Position of Head on Center Level in the Tube. Р 
Point. of Orifice. Кезге; Value of 
Of Velocities | Of Pressures. 73 
а А А В P= 8—5. 
(2) 0.04 m. below the Orifice. Mean Head, 2 = 0.953 m. 

— 80 953 951 — 65 15 IOIÓ 
S98 951 947 = 136 25 997 
= 96 953 950 = PES 45 975 
— 65 950 945 = О 75 935 
— бо 952 948 ap AO 100 908 
= 88 953 949 = 95 140 864 
— 50 952 948 + тоо 150 848 
= dE 954 951 - 140 185 8тт 
== © 952 949 ap d 185 804 
= 38 950 948 -І- 185 220 763 
= 2% 953 953 == E 245 738 
— 25 953 952 - 242 267 710 
— 20 , 953 953 == 201 281 692 
— 15 952 952 + 270 285 682 
= 10 953 953 + 278 288 675 
== © 953 953 + 290 295 663 

о 952 952 T 294 294 658 
215205 953 953 + 208 293 655 
о 954 954 + 305 295 649 
БЕ Т5 953 953 + 300 285 653 
+ 20 955 955 3 305 285 650 
+ 25 953 952 + 295 270 657 
+ 30 953 952 + 295 265 657 
+= 35 955 952 == 295 260 657 
-F 40 953 950 + 272 232 678 
+ 45 955 951 + 259 214 692 
T 50 952 946 + 257 207 689 
== 55 952 943 22177 162 726 
+ бо 954 943 Ja 215 152 730 
05 953 941 170 105 77 
ар 76 953 935 at 150 89 776 
PS - 952 940 БЕТІ 46 819 
+ 80 953 950 + тоо 20 850 
-+ 82 953 870 + 9o 8 780 

(3) 0.08 m. below the Orifice. Mean Head, 2 — 0.954. 

= RA 953 555 — 7 II NOM 
= en 953 940 = (E 16 1005 
ro 955 945 a 05 т IOIO 
се 7 954 950 = (© 34 990 
70 955 945 == 49 30 935 
— 66 952 950 — 18 48 968 
= 5% 955 942 = ug 46 955 
=? Bi 952 950 + 28 79 922 
— 44 955 943 о 74 913 
TEM 953 950 + 65 тот 885 
— 29 955 955 Ша 0 99 885 
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DETERMINATION OF THE VELOCITIES AND OF THE PRESS- 
URES IN THE INTERIOR OF THE LIQUID VEINS.—Continued. 


iti n Level in the Tube. 
dcs eg bue 2 Ргеззиге. Value of 
Of Velocities. | Of Pressures. Bos 
а А A B Р= В -— в. 
OMA 953 950 + 94 IIS 856 
= 14 955 955 ROS 109 860 
= 6 955 951 + 99 105 852 
ох 956 956 =з II2 $43 
E 956 951 + 116 107 835 
+- 16 950 950 + 114 98 836 
+ 24 956 951 ахо 88 839 
seek 950 950 i 114 83 836 
+ 38 956 951 a 107 69 844 
+. 45 955 958 + 108 63 850 
8-53 953 951 то4 51 847 
+ 60 954 957 T 96 36 861 
+ 64 955 950 cT 94 30 856 
+ 68 952 950 ys то 872 
= 72 954 944 + 88 16 856 
= 76 955 936 a 20 14 846 
+ 78 952 E + $8 IO do 
(4) 0.12 m. below the Orifice. Mean Head, / = o.951 
— 88 950 850 cea sm 4 934 
— 85 952 930 — 82 ar 9 IOI2 
— 81 950 940 — gI = 0 IO3I 
E 78 950 946 7% ге Л 1025 
= 74 952 946 — 78 гә) 0 1024 
E 70 951 949 = 79 = 6 1025 
— 66 950 949 = 02 ar 8 1012 
5G 952 952 — 56 + 3 1008 
— 51 950 950 540 eur Ee 999 
— 44 954 954 — 2 “ie 19 979 
— 36 950 950 — 10 + 26 960 
— 29 951 951 52 427 953 
— 21 952 952 4+ 11 + 32 941 
Б 950 950 == 16 1 30 934 
== 6 950 950 + 28 == 34 922 
+ 1 949 949 + 34 -- 33 9т5 
a 9 952 952 + 40 531 912 
+ 16 950 950 + 45 + 29 905 
+ 24 953 953 +52 T 28 дот 
+ 31 950 949 =- 00 + 29 889 
+ 38 952 952 + бо + 22 892 
+ 45 950 950 -j= 66 =, 884 
+ 53 950 949 + 62 T9 887 
+ бо 950 948 70 1219 878 
бА 950 946 3 O7 а) 879 
+ 68 951 943 + 65 тз 878 
Рр 12 950 935 Sp ip — 5 868 
+ 76 953 933 + 68 8 865 
+77 950 ani + 68 EE ^3 
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DETERMINATION OF THE VELOCITIES AND OF THE PRESS- 
URES IN THE INTERIOR OF THE LIQUID VEINS.—Continued. 


ae Level in the Tube, 
E duc аа анамнын Pressure. | үшшес 
Al = 19. 
F 2 Of урон, Of Ed joe ! 

5 OIO mMm. elow the rince, ean ead, д = 0.952. 
6 ре1 Бе Orifi М Head, / 
т 97 952 ... > 97 O ... 
— 96 952 Зоо — 92 + A4 892 
— 2 952 929 = 85 T8 1014 
— 99 952 932 — OO — I 1022 
== © 950 94I = By — 2 1028 
09: 951 945 — OM — 3 1029 
= de 951 950 == 70 4-4 1020 
E 954 952 SO — 4 1022 
— 59 952 952 — 55 е 4 1007 
== 55 952 952 — 51 (0) 1003 
=й 953 952 = 2 о 987 
= 2% 950 951 — 30 mio 981 
— 29 952 952 — II af 18 963 
-- 21 952 952 — 9 12 961 
= 14 953 953 я БЕ F 955 
23 953 953 sn e НЕ 951 
үз I c i == E + 12 937 
9 950 950 тот + 9 932 
+ 16 951 951 Е 75 + 9 926 
+ 24 950 950 == 55 + 11 915 
т 952 252 в: 22 
4 90 
м 
950 зе BS 2 95 
+ бо 950 947 + 64 ap dl 883 
+ 64 952 948 == 70 + 6 878 
+ 68 952 942 ap GE = 8 877 
H- 72 952 937 чеп I 866 
+ 75 950 goo + 62 ES 838 
170 954 840 se ni = 5 769 
зе 97 953 508 + 68 — о оба 
(6) 0.20 тп. below the Orifice. Mean Head, 4 =0.953. 

108 953 252 -- ІІО — 2 26 
— 107 953 760 — 100 x 7 8бо 
— 105 955 820 = qu ap uke 914 
— 103 953 900 = 190 p 990 
=з ТОО 952 908 = 95 15 993 
SONS 950 925 = 0а 3 IOI7 
== Be 951 941 — © же 2 1026 
= № 953 948 = gk — 10 1039 
AE) 953 950 — 00 — 13 1036 
== E 952 951 = f с=з TKO) 1036 
po 953 952 — 5 = 5 IOI 
= ye 954 954 ec dE EA: po! 
= 4% 952 7 952 = die ss 02 992 
20136, 953 953 — eye 2 991 
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DETERMINATION OF THE VELOCITIES AND OF THE PRESS- 
URES IN THE INTERIOR OF THE LIQUID VEINS.—Continued. 


Position of |Неа4 on Center Level in the Tube. 


Point. of Orifice. — Pressure. Value of 
Of Velocities, | Of Pressures. 4 — B. 
a A A B Р=В- 2, 
— 28 953 953 | — 28 [9] 981 
= 2 953 953 | — 22 ее 975 
= 0 953 953 | = 12 ا‎ 965 
cuu ү, 953 953 | = 9 = Е 962 
Неа We 951 951 $ 2 о 949 
2 e 953 953 Se sedi 948 
a 17 953 953 ia LO "ed 937 
T 24 954 954 + 18 — 6 936 
козү 953 952 po сл» 9 930 
+. 39 952 951 + 26 =. 925 
+ 46 953 95т | +38 =$ 913 
+ 54 953 949 + 40 T4 909 
+ бі 952 947 F 52 = 9 895 
-- 69 952 943 < 55 ELIT 888 
+ 72 953 925 -- 62 — то 863 
+ 75 953 910 + 63 — 12 847 
E 953 780 + 65 — II 715 
E 7 953 ee + 65 — 12 ee 


(7) 0.25 m. below the Orifice. Mean Head, 2 = 0.953 m. 


— 126 953 ... — 132 — 6 ... 
-- 125 952 740 = 334 ме 79 874 
— 118 953 855 — 136 — 18 991 
PU GT 953 900 — 136 — 25 1036 
— 103 952 935 ий 29 1067 
— 95 953 942 — 124 — 29 тобб 
=. 188 952 947 — 124 = 0 IO7I 
EAST 955 947 — 125 — 44 1072 
— 73 953 950 LIO 127 1060 
— 66 952 646 E TOS — 37 1049 
— 58 955 951 = 5 — 27 1036 
IT 953 95I o = 29 1031 
— 43 953 951 — 70 —27 IO2I 
— 36 952 952 — 68 = 32 1020 
EX MAS 952 952 — 56 — 28 1008 
— 21 953 953 E50 — 29 1003 
= و‎ 953 953 — di — 29 995 
— 6 953 953 5-4 20 КОО? 991 
= 2 954 954 — 26 — 28 980 
= 9 954 954 > 18 =27] 972 
г 952 952 95542 — 29 964 
+ 24 955 955 о 33 964 
+ 31 952 952 = 3 р 949 
>> 39 954 953 + 12 27 94т 
+.- 46 953 950 + 20 20 930 
+ 54 954 952 "I: “22 2: 919 
+ 61 952 947 + 41 — 20 906 


46 EXPERIMENTS UPON THE 


DETERMINATION OF THE VELOCITIES AND OF THE PRESS- 
URES IN THE INTERIOR OF THE LIQUID VEINS.—Continued. 


Поп Level in the Tube. 
x Point 2; SE ое Ргеззиге. Value of 
Of Velocities, | Of Pressures, ее 
a A A B P= B -z 
+ 69 953 946 212056 c I3 890 
422075 954 920 + 62 = 03 858 
Ie 953 880 T 5 55112 815 
+ 78 953 296 + 70 -- 8 ... 
(8) 0.30 m. below the Orifice. Mean Head, 1 = 0.953. 
— 160 953 ЖЫ — 140 + 20 
— 156 953 650 — 160 = d 810 
— 148 95I 732 = 105) — 1/2) 892 
-- ІДІ 953 815 — dus = d 968 
©0495 954 859 — 158 = EE 1017 
EI 953 900 = 16) Беу 256) 1056 
о 952 018 = 19909 ЕЕ ДО 1076 
zur 953 935 = Se = án 1087 
OS 953 937 — 150 = 44) 1087 
=> GE 953 944 = 135 ze) 1079 
558 953 947 — 133 = AG 1080 
=? {Әй 955 949 — 120 — 39 1069 
= rie 953 950 — 112 == S 1062 
= Gg 954 948 — 98 — 32 1046 
= 59 950 948 = 9 - 33 1039 
= S1 954 952 = © = 59 1042 
= ai 954 954 = fy — 33 1031 
= $m 952 952 — 68 — 32 1020 
x 229 953 953 — 60 — 3I IOI3 
Б 521 952 952 — 48 =— Я IOOO 
514 953 953 = 40; — 26 993 
= © 952 952 = 98 — 32 990 
IP 950 950 — 27 — 29 977 
егі © 954 954 — #26 = © 980 
15417 953 953 =5 20 ат 973 
"L 24 952 952 = de 537 965 
"gr 953 952 = 8 2:230 960 
T 39 952 952 иг 40 953 
+ 46 952 952 ا‎ — 42 948 
ар 7 954 950 БЕРІЛ = 27 933 
= (п 954 950 + 22 739 928 
+ 69 952 942 + 42 ә 7 900 
+ 75 953 930 + 50 — 25 880 
я Ж 953 780 + 66 — 12 714 
әр We 953 ИАР + 66 =й Ж 


VERTICAL CIRCULAR ORIFICE 0.20 м. DIAMETER. 
June, 1890. Mean Temperature of the Water, 17° C. 


(т) In the Plane of the Orifice. Mean Head, 2 = 0.952 m. 


= e 952 | 831 340 | 416 491 

== п 952 856 387 458 469 

— 66 953 885 435 501 450 
895 | 458 


Et | 954 во 
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DETERMINATION OF THE VELOCITIES AND OF THE PRESS- 
URES IN THE INTERIOR OF THE LIQUID VEINS.—Continued. 


itio en Level in the Tube. 
РА E ud O 5 Pressure. Value of 
| Of Velocities. | Of Pressures. 4—8 
а А А В Р=В— ғ 
| 

— 56 952 913 484 540 429 
= бн 950 921 494 545 427 
— 46 950 932 507 553 425 
т 952 939 517 558 422 
— 36 952 946 531 567 415 
— 31 952 946 534 565 412 
— 26 951 950 538 564 412 
721 953 952 ` 55I 572 401 
Io 950 951 557 573 394 
ELIT 952 952 567 578 385 
ZO 952 952 561 567 391 
RE 954 954 573 574 381 
тя 952 952 573 569 379 
+ ae 952 953 578 569 375 
+ 14 951 951 576 562 375 
+ 19 954 953 578 559 375 
T 24 951 950 573 549 307 
+ 29 953 951 571 542 380 
+ 34 951 949 570 536 379 
+ 39 952 948 566 527 382 
+ 44 952 941 563 519 378 
T 49 951 936 557 508 379 
+ 54 952 928 550 496 378 
+ 59 954 926 543 484 383 
+ 64 952 910 526 462 384 
+ 69 950 898 502 433 396 
+ 74 951 878 491 417 387 
+ 79 | 952 848 481 402 367 

(2) Іп the Plane of the Orifice. Mean Head, 4 = 0.990 m. 
— 81 990 828 238 319 590 
— 76 990 876 348 424 528 
— 71 990 903 443 514 460 
— 66 990 919 428 494 491 
= OF 992 937 482 543 455 
— 56 992 953 494 550 459 
= 5r 989 958 532 583 426 
— 46 992 966 542 588 424 
= Al 991 974 541 582 433 
== 30 990 978 547 583 431 
ET: 990 983 574 605 409 
— 26 987 983 562 588 421 
— 21 989 387 583 604 404 
— 16 988 987 592 608 395 
LiT 990 989 601 612 388 
46 992 992 595 бот 397 
296 үт 989 988 594 595 394 
Be a 991 991 603 599 388 

9 990 989 607 598 382 


48 EXPERIMENTS UPON THE 


DETERMINATION OF THE VELOCITIES AND OF THE РКЕ55- 
URES IN THE INTERIOR OF THE LIQUID VEINS.—Continued. 


ae 5 Level in the Tube. 
B 2 M DER Pressure. Vaiue of 
Of Velocities. | Of Pressures. Ed 
a А A B P= В – 2 
uti 992 993 604 590 389 
+ 19 990 989 604 585 385 
+ 24 990 990 604 580 386 
+ 29 989 987 605 576 382 
+ 34 990 988 бто 576 378 
+ 39 99т 984 607 568 377 
+ 44 990 974 592 548 382 
- 49 989 969 592 543 377 
+ 54 990 973 595 541 378 
+ 59 990 962 592 533 370 
+ 64 990 940 553 489 387 
+ 69 991 938 558 489 380. 
+ 74 992 905 539 465 366 
51- 79 990 903 532 453 371 
(3) 0.05 m. below the Orifice. Mean Head, 4 = 0.990 m. 

= 709 990 989 a 500 19 1049 
— 70 987 987 =з d 64 999 
— 68 992 992 + 12 80 980 
= O1 990 990 TF 79 140 911 
— 53 989 989 T 98 151 891 
— 46 989 989 T 149 195 840 
— 38 990 990 + 168 206 822 
— 31 990 990 + 209 240 781 
1.23 992 992 T 214 237 778 
mu 989 989 + 240 256 749 
xt. 989 989 + 242 250 747 
— I 988 988 + 249 250 739 
ар 990 990 + 249 242 741 
+ 14 990 990 + 249 235 741 
Б 22 991 991 + 248 226 743 
+ 29 990 990 + 234 ) 205 756 

37 992 992 + 226 189 766 
+ 44 988 988 + 194 150 794 
+ 52 992 992 + 191 139 801 
+59 990 990 ШЕ Lod 65 866 
+ 67 987 987 + 104 37 883 
ВЕ 74 990 990 Т- 87 13 903 

(4) 0.00 m. below the Orifice. Mean Head, 2 = 0.990 m. 

— 8r 990 990 == Ug + то тобт 
= 990 990 =i ue % 1064 
= (fs 994 994 = 38 + 30 1032 
c 989 989 = 236 i5 1045 
= 53 989 989 su d СЕ 54 988 
— 46 9290 990 -- 21 ЗЕ 25 IOII 
598 988 988 s^ 18 + 53 973 
— 31 990 990 + 14 + 45 976 
— 23 990 990 + 60 + 83 930 
— 16 990 990 + 59 ЕБ 931 


CONTRACTION OF THE LIQUID VEIN. 49 


DETERMINATION OF THE VELOCITIES AND OF THE PRESS- 
URES IN THE INTERIOR OF THE LIQUID VEINS.—Continued, 


ses - Level іп the Tube. 
Eo fet One ә Pressure. | Value of 
Of Velocities. | Of Pressures. 45-8, 
а h A B Р=В— 
ме 7:8 989 989 3- 71 + 79 918 
кт 990 990 =: 79 + 80 911 
a 7 991 991 + 74 7.07 917 
+ 14 991 991 + 74 + 60 917 
++ 22 990 990 “- 73 j- 51 917 
+ 29 990 990 ar 78 + 49 912 
+ 37 990 990 " 74 95 37 916 
+ 44 989 989 4- 7т + 27 918 
+ 52 989 989 + 52 о 937 
+ 59 990 990 + 46 = 5 944 
+ 67 992 992 + 51 — 16 94I 
T 74 989 989 > 52 T 932 
(5) 0.12 m. below the Orifice. Mean Head, 2 = 0.951 m. 
55/79 950 949 -- 96 — 18 1045 
кеа 950 950 EIOS — 34 1055 
-- 63 951 951 к= ЛОТ = 38 1052 
== 50 952 952 > 87 кез 1039 
= 28 950 950 = BE БЕЗДІ 1039 
тоқы 950 950 = 105 — 24 1015 
— 33 951 95I — 66 == 88 IOI7 
= 20 950 950 = 46 == 2X6) 996 
кВ 951 951 ex ДІ 28523 992 
mI 951 950 = 30, == (10 980 
ps 950 950 m 220 — 26 979 
+4 952 950 — 10 = vu 960 
+ 12 952 953 ogee Yi — 29 970 
+ 19 952 953 т? =] 951 
T 27 953 953 о — 27 953 
Н 54 952 953 4 8 — 26 945 
T 42 955 955 "o1 25 938 
+ 49 952 952 de 17 — 32 935 
+ 57 952 953 Я — 40 936 
+ 64 950 948 + 26 = 38 922 
+ 72 953 930 + 49 — 23 881 
(6) 0.13 m. below the Orifice. Mean Head, 2 = 0.990 m. 
— 84 989 989 — 490 — 15 1088 
— 83 990 990 — QI = 8 TOSI 
= 95 989 989 — 103 — 28 1092 
— 68 990 990 — (OL — 23 108r 
— бо 990 990 = От =. 87 то8т 
— 53 990 990 — 76 = 22 1066 
— 45 990 990 т == 20 тобт 
— 38 990 990 с) Гл 1045 
= 790 990 990 АЗ ОЗ 1033 
85 990 990 = 43 — 20 1033 
as 989 989 — 23 == 8 1012 
=з 990 990 ENT — 25 1023 


50 EXPERIMENTS UPON THE 


DETERMINATION OF THE VELOCITIES AND OF THE PRESS- 
URES IN THE INTERIOR OF THE LIQUID VEINS.—Continued. 


Level in the Tube. 


ЕЕ eonun Pressure. | value 
Of Velocities. | Of Pressures. 4 В. 
a А 4 В P= В — 6, 

[9 989 989 — I2 — 12 IOOI 
+ 7 990 990 — 16 => EE 1006 
E 15 989 989 е 59 — 23 997 
= 22 990 990 ЧЕ d = Hs) 986 
+ зо 990 990 = X8 =e 972 
ap у 990 990 == di == 33 986 
+ 45 989 989 3p iE) = 971 
+ 52 991 991 SOUPE = дн 980 
+ бо 990 990 3p 27 = 963 
sp 07 991 991 + 49 — 16 942 

(7) 0.15 m. below the Orifice. Mean Head, 4=0.951. 

— 86 952 952 == (qu = 5 1043 
= 79 953 954 = Тоб == e тобо 
= op 949 949 -- 110) = 30 1056 
= 03 953 954 — 98 = 95 1052 
— 140 950 950 — 86 — 30 1036 
— 12 953 953 — 82 — 34 1035 
== 949 949 ——— 198 1023 
22/39 950 950 = (05 — 30 1013 
— 26 951 951 — 50 — eg IOOI 
= 168 950 950 = 49 25 993 
= п 951 9051 == 92 — 21 983 
s e) 951 951 — 58 — 30 984 
арй 951 951 = 14%) — 23 970 
+ 12 949 948 = Шу — 29 965 
SEO 951 951 — 6 — 25 957 
1527 949 949 > 12 2139 961 
+ 34 951 952 E — 25 943 
+ 42 951 951 ar © — 36 945 
+ 49 951 951 ap UE — 36 938 
290 950 950 ar 98 22/20 922 
+ 64 951 951 == “© — 24 9ІТ 
ар 2 950 950 ap O8. = di 882 


VERTICAL RECTANGULAR ORIFICE 0.20 М. HIGH BY 0.80 м. WIDE. 
October, 1890. Mean Temperature of the Water, 13.5° C. 


(т) In the Plane of the Orifice. Mean Head, 4 = 0.949 m. 


— 54 949 724 163 247 561 
= 949 729 177 258 552 
— 76 048 792 269 345 523 
== ун 950 795 260 331 535 
— 66 950 860 355 421 505 
= ©: 948 880 375 436 505 
== 0) 949 898 410 466 488 
= Gu 950 905 410 461 495 
— 40 949 ” 925 439 485 486 
= dh 948 930 445 486 485 
= © 950 941 459 495 482 
| 


— — 


CONTRACTION OF THE LIQUID VEIN. 5I 


DETERMINATION OF THE VELOCITIES AND OF THE PRESS- 
URES IN THE INTERIOR OF THE LIQUID VEINS,— Continued. 


Position of |Head on Center Level in the Tube. 
Point. of Orifice. Pressure. Value of 
Of Velocities. | Of Pressures. А — B. 
a А | A B P= В — xz, 
=з 949 945 469 500 476 
— 26 949 950 480 506 470 
— 21 949 952 477 498 475 
dti 949 955 495 511 4бо 
— 11 949 955 488 499 467 
== .6 948 954 503 509 451 
P 949 954 500 501 454 
а 948 953 503 499 450 
EC 948 952 501 492 451 
Ега 949 950 507 493 443 
Ale tes 949 949 509 490 - 440 
+ 24 950 941 502 478 439 
+ 29 948 938 508 479 430 
EET 949 920 490 456 430 
+ 39 949 921 488 449 433 
5714 950 900 480 436 420 
+ 49 949 895 465 416 430 
+ 54 949 870 435 381 435 
+ 59 950 858 430 371 428 
+ 64 948 825 392 328 433 
+ 69 950 795 370 301 425 
+ 74 950 749 335 261 414 
+ 78 948 720 310 232 410 
(2) 0.05 m. below the Orifice. Mean Head, % = 0.949 m. 
== 78 949 ... 75 = 53 эз. 
= 5 950 943 => de E 1015 
— 71 950 9I9 — 42 =p) 20 961 
= 68 948 915 = + 43 940 
— 64 949 920 4527 + 69 915 
-- бо 949 925 1-25 лт © goo 
— 56 950 930 ШЕ 45 тот 885 
— 49 949 936 ос. 98 + 147 838 
4T 950 943 ap 130 sr so 813 
5.54 947 944 + 169 -+ 203 775 
— 26 949 950 + 188 + 214 762 
ex 19 948 955 + 215 + 234 740 
SET 949 955 + 220 + 231 735 
54. 949 956 232 + 236 724 
4 949 955 + 235 + 231 720 
‚тт 950 957 + 238 + 227 719 
== 19 950 957 + 235 + 216 722 
+ 26 947 953 + 220 = 104 733 
= 33 949 955 - 205 - 172 750 
+ 40 949 955 ШЕШІ НР ЭЙ 778 
47 949 953 - 150 -[ 103 803 
-[255 950 954 41- 117 T 62 837 
+ 59 949 951 -F 102 2-46 849 
+ 62 950 952 + 91 + 29 861 
+ 66 950 953 + 68 = 2 885 
+ 70 949 ... =. ур, “Г 2 ... 


52 EXPERIMENTS UPON THE 


DETERMINATION OF THE VELOCITIES AND OF THE PRESS- 
URES IN THE INTERIOR OF THE LIQUID VEINS.— Continued. 


| Level in the Tube 
rosie E Orica ta Pressure. | Value of 
| Of Velocities. | Of Pressures. Ик; 
a h | A B Р=В- 2. 
(3) 0.10 below the Orifice. Mean Head, # = 0.949 m. 

= 7I 949 229 -- 74 — 3 S000 
I07 950 956 = 6) = d 1032 
— 60 949 956 = (09) EO 1025 
2 949 956 — 48 == 4 1004 
— 45 949 956 A NES тоо8 
ӨТ 950 957 — 14 3-23 971 
= 38 949 956 - 16 + 46 940 
= 22 950 957 sp 1O -r 38 941 
= 949 957 E T 46 926 
SUNT 950 958 apu | - ee 917 

о 949 958 + 39 + 39 919 
+ © 950 959 ++ 41 ти 53 918 
ЕС 949 957 + 41 + 26 916 
+ 23 949 958 + 39 qr 756 919 
+ 30 950 958 1 33 Ta 925 
== Si 949 958 + 35 — 2 923 
+ 44 948 957 Sno = 9 920 
52 949 957 + 45 c 0] 912 
+ 58 950 595 + 48 — IO 200 

(4) 0.15 below the Orifice. Mean Head, 4 = 0.949 m. 

EU 949 en — 80 — 5 OPE 
— yt 949 950 02 ET 1032 
= 108 949 ... — t те em Dodo 
22164 949 956 = 5 Eco 1042 
— 60 949 ue = 85 — 25 е 
SUDO 948 954 = 7 EAT 1031 
— 49 950 957 77 — 28 1034 
41 948 956 ий сз de 1003 
55524 947 954 = 2 = © 996 
— 8E 949 956 — 80 — 4 986 
PAR) 949 956 — 21 ee 977 
LE 949 956 IAE, + 4 963 
= 949 955 ك‎ I 958 
Hd 952 959 PME е С) 958 
apani 948 955 + 8 = в 947 
+ 19 948 954 + то = @ 944 
+ 25 949 954 + 13 — 12 941 
+ 33 953 9бо pue coup 942 
+ 36 949 20 + 16 — 20 ao 
+ 40 947 953 +21 — 19 932 
+ 44 950 22. + 23 ET M SE 
+ 48 951 957 + 29 — 19 928 
+ 51 948 wee -І- 25 = AS 5 
+ 55 950 + 33 — 22 ce 


CONTRACTION OF THE LIQUID VEIN. 53 


DETERMINATION OF THE VELOCITIES AND OF THE PRESS. 
URES IN THE INTERIOR OF THE LIQUID VEINS.—Continued. 


- 


oe Level in the Tube 
Position of |Head on Center ү 
Point. | of Orifice. Pressure. Value of 
Of Velocities. | Of Pressures. 4—8. 
А В P= В = 


а | А 


(5) 0.20 m. below the Orifice. Mean Head, 4 = 0.949 m. 


zy 950 wile — 95 — 18 .... 
= 74 950 950 = 98 — 24 1048 
жә 71 949 951 — 110 x50 тобт 
— 68 949 955 — III 43 1066 
— 65 952 956 — 102 се Кү 1058 
= ӨТ 949 956 = ТОО =) 1056 
= 57 950 958 > 98 т= 4л 1056 
ж 5 948 956 т 80 = 27 1036 
— 46 946 954 = 65 10 1010 
— 38 949 956 = 40: = 2 996 
== 31 949 957 = 40 = ‘9 997 
— 23 949 958 x25 552 983 
т» 46 948 956 = 20 = 4 976 
ae. 8 949 956 16 m8 972 
= I 948 955 = 15 = Т4 970 
+ 7 948 955 о > 7 955 
T 14 947 955 о = 955 
-r 22 948 955 -- то = 12 945 
+ 25 949 958 "T 2 = 23 956 
+ 28 950 958 + то — 18 948 
+ 32 948 956 т 5 = 27 951 
+ 36 950 957 + 18 = 18 939 
+ 39 947 952 + 20 — 19 932 
+ 43 948 945 + 20 = 23 925 
+ 45 949 35 + 22 — 23 ars 
(6) 0.25 m. below the Orifice. Mean Heat, й = 0.949 m. 

— 83 949 LE — 88 و 5 ك‎ 
— 80 949 950 — 88 — 8 1038 
= 70 948 951 — 97 m2 1048 
272 949 955 — 100 — 28 1055 
— 68 947 955 — 102 2:59 1057 
n5 949 956 — 100 = 35 1056 
= бї 947 955 = 00 — 29 1045 
Bb 949 957 — 82 — 26 1039 
E53 947 954 = a — 19 1026 
— 46 950 958 — 62 > TO 1020 
— 39 946 953 - 54 "15 1007 
— 31 950 958 — 50 — 19 1008 
== 24 951 960 =: 30 - 6 990 
ез 0 948 958 = 26 *»- I9 993 
еч: 9 951 959 = 16 же/ 77 975 
= I 949 958 = 16 eu 974 
= 6 948 958 -— 2 = 14 966 
2 9 949 957 = /2 lI 959 
-F 14 948 956 — 2 — 16 958 
Е 17 948 956 о 17 956 


54. EXPERIMENTS UPON THE 


DETERMINATION OF THE VELOCITIES AND OF THE PRESS- 
URES IN THE INTERIOR OF THE LIQUID VEINS.—Continued. 


CAE Level in the Tube. 
ИК : Pressure, | Value of 
Of Velocities. | Of Pressures. 4 — B. 
а А A B PS B= 2. 
+ 21 949 957 — т — 22 958 
++ 24 948 956 ar 8 — 10 951 
+ 28 950 958 че © = ж 950 
5-21 947 953 + то = 943 
тт 35 949 950 8 — 27 942 


HORIZONTAL CIRCULAR ORIFICE 0.20 М. DIAMETER. 
June, 1892. Mean Temperatnre of the Water, 19°. 


(1) In the Plane of the Orifice. Mean Head, Z = 0.974. 


I9 970 835 450 450 385 
20 975 850 509 509 341 
23 982 8бо 468 468 392 
28 982 875 486 486 389 
33 973 895 510 510 385 
38 960 890 509 509 381 
48 975 942 539 539 403 
53 973 935 530 530 405 
58 975 955 535 535 420 
69 985 970 570 570 400 
74 975 965 562 562 403 
79 965 965 558 558 407 
89 975 975 578 578 397 
94 975 975 578 578 397 
99 968 968 575 575 393 
104 975 975 584 584 391 
109 975 975 585 585 390 
114 972 972 578 578 394 
119 975 975 575 575 400 
129 968 968 550 550 418 
135 975 975 572 572 403 
140 975 975 5бо 5бо 415 
150 975 975 540 540 435 
155 980 967 553 553 414 
160 975 958 528 528 430 
171 975 943 488 488 455 
176 972 900 502 502 398 
179 975 880 490 490 390 
181 978 900 470 470 430 
(2) 0.15 m. below the Orifice. Mean Head, Z = 0.975 m. 
I5 976 715 120 135 655 
18 975 820 I43 158 677 
23 975 855 225 240 630 
28 974 885 270 285 615 
33 975 900 330 345 570 
38 973 908 340 355 568 
44 975 925 355 370 570 
49 970 7940 395 410 545 
54 975 940 430 445 510 


CONTRACTION OF THE LIQUID VEIN. 55 


DETERMINATION OF THE VELOCITIES AND OF THE PRESS- 
URES IN THE INTERIOR OF THE LIQUID VEINS.—Continued. 


8 А Level іп the Tube. 
Lp one i E LM | Pressure. Value of 
Of Velocities. OfPressures. 50 
а А В | “жа В %; 
64 975 965 426 441 539 
74 978 974 452 467 522 
84 971 968 455 470 513 
94 950 980 453 468 527 
105 975 975 458 473 35 
115 980 950 435 450 545 
125 974 974 440 455 534 
135 о8о 980 409 424 571 
145 975 968 404 419 564 
150 975 968 368 383 боо 
155 976 965 380 395 585 
Ібо 975 950 310 325 640 
165 975 942 310 325 632 
170 967 910 250 265 660 
176 979 880 182 197 698 
179 975 885 170 185 715 
I8I 970 865 126 ІДІ 739 
183 970 850 103 118 747 
(3) 0.035 m. below the Orifice. Mean Head, 4 = 0.975 m. 
14 975 969 — 44 25429 1013 
17 97 959 = й = 9 1003 
20 974 949 2244 на 983 
25 974 947 md ap Зи 951 
30 977 950 год I 946 
40 972 272 =p (0% + 103 904 
50 977 969 + 158 ap 109 8тт 
бо 975 975 + 149 + 184 826 
70 977 974 -+ 220 - 255 754 
80 974 974 + 221 + 256 753 
go 978 978 + 241 + 276 737 
100 97т 971 + 264 - 299 797 
110 975 977 + 259 + 294 718 
І20 971 972 + 248 + 283 724 
130 974 974 229 + 264 745 
140 972 972 + 199 + 234 773 
150 982 982 + 144 + 179 838 
160 974 967 36:103 + 138 864 
170 974 968 + 49 + 84 919 
175 979 965 — 19 TS 954 
180 977 969 — 43 сы ыр 1012 
183 974 971 = 76 =. IOII 
(4) 0.059 m. below the Orifice. Mean Head, 4 = 0.975 m 
18 977 ы -- 65 | — 6 б 
20 977 977 EE — 12 1048 
21 977 977 775 = 29 1052 
23 981 981 — 83 — 24 1064 
28 973 973 > 49 a ПО 1022 


56 EXPERIMENTS UPON THE 


DETERMINATION OF THE VELOCITIES AND OF THE PRESS- 
URES IN THE INTERIOR OF THE LIQUID VEINS.— Continued. 


ise Level in the Tube. 

E у Pressure: | value of 

Of Velocities. | Of Pressures. Е 
а А A B (Pics В 2. 
33 971 971 == h ap iG 1015 
43 977 974 == Bil = 38 995 
48 974 974 + 24 [293 950 
53 974 974 3 9 бб 967 
63 972 973 + 44 + тоз 929 
68 974 974 + 57 зү 11б 917 
73 969 969 031 zai 938 
83 979 979 == 97 + 136 902 
88 976 976 i 94 + 143 892 
93 974 974 + 106 + 165 868 
99 971 971 + 799 -Ё 158 872 
103 974 978 ae 93 +152 885 
108 974 974 = бп - 120 913 
113 969 972 a 57 + 116 915 
123 979 979 + 59 118) 920 
128 974 974 + 24 Hie 83 950 
133 974 974 = @® + 88 945 
143 977 977 — 16 Sie 43 993 
148 974 974 т АЕ 58 975 
153 974 974 — II 4- 48 985 
163 974 974 = (88 = И 1067 
168 974 974 = Bio + 20 1013 
173 974 974 205 — 34 1067 
176 978 978 — 82 — 23 тобо 
178 974 974 = ie 2-7 (17 1050 
179 974 974 = OF =A 1037 
181 974 971 = © 1 1034 
(5) 0.085 m. below the Orifice. Mean Head, # = 0.976 m 

22 974 974 = of = a 1068 
27 974 974 --.133 — 48 1107 
5% 978 979 -- ІДІ — 56 1120 
42 984 984 — 151 — 66 1135 
52 984 984 = '°0 — 4 1103 
62 979 979 -- І06 — 2I 1085 
72 974 974 = 96 3p 8 1054 
82 977 977 = eon Ae 21 IO4I 
92 974 975 = AG se ge 1024 
100 974 974 — 54 = Әп 1028 
102 975 975 = ا‎ SAI 1019 
112 975 977 -- бі + 24 1038 
122 975 975 — 62 ue a23 1037 
132 979 982 — 02 + 22 1045 
142 972 972 E199 == уй 1071 
152 983 983 = of = 1076 
162 974 974 — 146 — бї II20 
172 959 964 — 150 == Bi TIOO 
177 975 975 = ду = 1092 
179 976 | Suc — IOI — 16 Soc 


CONTRACTION OF THE LIQUID VEIN. 57 


DETERMINATION OF THE VELOCITIES AND OF THE PRESS- 
URES IN THE INTERIOR OF THE LIQUID VEINS.—Continued. 


топ о Level in the Tube. 
B Puer 2 Pressure. | Value of 
Of Velocities. | Of Pressures. 4 - В. 
а A B Р=В-з 
(6) 0.112 m. below the Orifice. Mean Head, Z = 0.975 m. 
24 982 Sie — 137 7 God 
26 979 977 = тда д2 II2I 
31 974 974 pep: = Ge 1145 
4I 979 979 SUITS uo 1157 
46 972 972 QT = Ws 1149 
51 973 973 — 184 = ір) 1157 
бі 979 979 к=л7ё — 95 1157 
7I 969 969 — 167 — 55 1136 
8т 977 977 = 164 — 52 1141 
91 970 970 — 143 а: 1113 
96 974 974 — 166 — 54 1140 
IOI 974 974 57 og BY 1143 
106 975 975 — 15% 2:339 1126 
III 973 973 = Og ит 1136 
I2I 974 974 — 105 — 50 1136 
131 971 971 E2172 — 60 II43 
141 971 971 — 174 = 62 1145 
ISI 974 974 — 203 c 1177 
156 974 974 — 200 — 88 II74 
Ібі 97І 97І — 184 = 1155 
171 975 975 59 gp 1158 
174 977 977 cH cm 1134 
176 976 976 zo — 49 1137 
178 977 977 pui == P) 1108 


(7) 0.135 m. below the Orifice. Mean Head, 4 — 0.975 m. 


24 974 5» -- ІБІ! -- 16 Bron 
25 974 959 — 164 = 29 1123 
27 979 979 — 169 = 34 1148 
32 978 978 — 206 == АҢ, 1184 
42 98т 98І -- 207 = 72 1188 
47 969 969 = 247 == 82 1186 
52 979 979 — 227 07780 1200 
62 979 979 = 201 60 1180 
72 972 972 228 = 102 1200 
82 971 971 с 106 — On 1167 
92 969 969 — 191 2 BO 1160 
97 974 974 гот SO 1165 
тоо 974 974 — 197 moz II7I 
102 977 977 E = 80 1198 
112 975 975 — 224 27 7246) 1199 
122 979 979 > 220 = TOT 1215 
132 975 975 — 228 = 095 1203 
142 969 969 0288 — 98 1202 
147 969 969 — 243 — 108 1212 


58 EXPERIMENTS UPON THE 


DETERMINATION OF THE VELOCITIES AND OF THE PRESS- 
URES IN THE INTERIOR OF THE LIQUID VEINS.—Continued. 


273 Level іп the Tube. 
уы $ а, Pressure, Value of 
Of Velocities. | Of Pressures. 4—5. 

а д А B P= B—z 

152 976 976 — 239 — 104 1215 
162 971 971 — I98 — 63 1169 
172 976 976 — І0І = 50 1167 
175 977 977 HIST > de 1128 
177 974 355 — I5I — 16 S ox 

(8) 0.165 m. below the Orifice. Mean Head, # = o.980 m. 
25 970 206 — 175 — 10 550% 
27 980 980 -- 178 г 1158 
30 968 968 -- 203 -- 38 II7I 
35 980 980 — 185 c 20 I165 
40 970 970 225 = (200) 1195 
50 979 979 = PAS = (8g 1204 
55 978 978 — 228 — (85 I206 
60 986 986 = FO KOD 1216 
70 980 980 == 220 165 I210 
75 978 978 — 253 = 95 1231 
80 976 976 222202 7 1198: 
go 982 982 2208) — 43 II9O 
95 985 985 — 235 те” 26) 1220 
TOO 980 980 = 100 = wR II7O 
IOI 975 975 = LOS ESO 1168 
105 985 985 = 240 75 1225 
IIO 975 975 m 250 BS 1225 
115 987 987 = 200 Я 1200 
125 988 988 2:232 = 67 1220 
130 975 975 — 240 = 6 1215 
135 988 988 = 210 ив 1198 
145 988 988 20020 — 55 1208: 
150 978 978 == 220) — 65 1208 
155 985 985 — 235 z— 1220 
165 985 985 — 220 — 55 1205 
175 980 970 -- 200 — 25 II7O 
ТТТ 985 ... — 179 — 13 joo 
(9) 0.195 m. below the Orifice. Mean Head, 4 = 0.969 m. 

24 965 965 — 205 — 10 1170 
29 965 965 — 248 c da I213 
34 950 950 E 2/3 = is 1223 
39 960 960 E2030 == COE 1246 
44 960 960 = 302 = HOY 1262 
44 962 962 —— 27 =: BP 1209 
49 960 960 = SS — © 1245 
54 972 972 — 283 = 898 1255 
59 982 982 — 273 TE 1255 
64 945 945 — 261 — 66 1206 
64 9бт _ 961 — 265 — 70 1226 
69 963 963 =з 274 = 7 1234 
74 968 968 — 255 -- бо 1223 
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DETERMINATION OF THE VELOCITIES AND OF THE PRESS- 
URES IN THE INTERIOR OF THE LIQUID VEINS.—Continued. 


iti | Level in the Tube. 
оя пет 
Of Velocities. | Of Pressures. =й. 
а А 2 В P= В – ғ 
79 9бо 9бо — 254 = 59 1214 
84 987 987 mE >= 2// 1239 
89 978 978 — 269 = 1247 
94 9бо 960 — 222 = 1182 
99 973 975 а — 76 1246 
IO4 990 990 12009 ES II9O 
109 975 975 -- 256 = (Өй 1231 
II4 950 950 = 220 = 1170 
119 965 965 — 266 = 1231 
124 975 975 — 220 ы) 1195 
129 975 975 — 204 — 66 1236 
I34 995 995 E222 = Dy 1217 
139 966 966 РАЗ етк ҮЗ) I214 
139 970 970 E6240 — 45 I210 
144 950 950 080 5 1180 
I49 963 963 == 206 == $5 1191 
154 988 988 == 248 = 58 1236 
154 965 965 — 220 sco 1185 
159 968 968 = 210 = gen 1178 
164 996 996 Ээ 25] — 62 1253 
169 965 965 — 255 — бо 1220 
174 995 а > — 215 20 


HORIZONTAL CIRCULAR ORIFICE, 0.10 M. DIAMETER. 


July, 1892. Mean temperature of Water, 24° C., except for the Experiments made in the Plane 
of the Orifice which were made in April, 1894; Temperature of Water, 14° C. 


(т) In the Plane of the Orifice. 


20 965 923 
25 955 930 
30 963 950 
35 990 982 
40 953 950 
45 968 967 
50 968 967 
50 943 945 
50 940 938 
50 970 970 
55 982 984 
бо: 966 961 
65 972 973 
70 967 958 
75 941 935 
80 972 933 
(2) 0.026 m. below the Orifice. 

6 975 И 

7 955 955 
ІІ 970 955 
16 987 963 


Mean Head, 2 = 0.963 m. 


508 
Ба 
545 
570 
550 
568 
565 
553 


512 
Mean Head 
— 28 
— 28 
+ 14 


508 
589 
545 
570 
550 
568 
565 
553 


415 
395 
405 
412 
400 
399 
402 
390 
388 
404 
419 
405 
425 
410 
423 
421 


985 
983 
949 
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DETERMINATION OF THE VELOCITIES AND OF THE PRESS- 
URES IN THE INTERIOR OF THE LIQUID VEINS.— Continued. 


oU : Level in the Tube. 
Bre per C eu Pressure. | Value of 
Of Velocities. | Of Pressures. d 

a д А В Р= В – 2 

21 960 940 + 52 +- 78 888 
26 990 980 + 113 + 139 867 
31 970 965 + 129 -r 155 836 
36 981 979 + 165 + тот 814 
41 988 | 988 + 195 + 221 793 
46 978 978 += 187 “11213 791 
50 945 945 + 185 + 211 7бо 
51 976 976 + 205 ЗВ 231 771 
51 974 974 + 200 + 226 774 
56 975 975 + 184 +4 210 791 
61 960 957 + 155 + 181 802 
66 974 970 + 180 + 206 790 
71 972 967 - тоо + 126 867 
75 975 968 -- 90 + 116 878 
76 958 948 ШЕ 5I ШО 77 897 
8т 955 943 d eme + 46 923 
86 955 935 = 28 ар 3 958 
89 9бо 950 -— 27 = 1 977 
91 960 950 — 30 = 4 980 
94 975 ee — 30 — 4 9 

(3) 0.055 m. below the Orifice. Mean Head, 4 = 0.807 m. 
IO 808 cod — 70 — 15 209 
T2 806 775 — 68 — 13 843 
15 812 812 — 84 = 29 896 
20 803 803 — 95 — 40 898 
25 812 812 = 92 тә! 097 894 
30 800 800 == © = GA 868 
35 8то 810 — 58 = 8 868 
40 806 806 == (00 = 15 866 
45 812 812 — 30 = 25 842 
50 800 800 — 42 E T3 842 
50 808 808 = 58 = 113 866 
50 8т2 8т2 = AW F- чо 857 
БЕ 815 815 — 50 ap в 865 
60 800 800 — 82 — 27 882 
65 818 818 — 58 c 8 876 
70 797 797 == 96 == 36 887 
75 815 815 се 55 = 20 goo 
80 798 798 — 02 254-507 890 
85 509 809 = E09 — ag 907 
88 Зто 807 — 92 = 5% 899 
90 800 700 — 75 = 20 775 
(4) 0.055 m. below the Orifice. Mean Head, 4 = 0.978 m. 

IO 965 6 — 58 — 3 vias 
II 970 940 — 70 — I5 IOIO 
16 975 7975 = 93 = 38 1068 
21 982 982 — 108 == 53 | 1090 
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DETERMINATION OF THE VELOCITIES AND OF THE PRESS- 
URES IN THE INTERIOR OF THE LIQUID VEINS.—Continued. 


THO H Level in the Tube. 
di cc aesti Pressure. | Value of 
Of Velocities. | Of Pressures. 4-8. 

а А A B P=B-z 

26 970 970 — 102 — 47 1072 
31 978 978 — 102 — 47 1080 
36 965 965 = ти Bie, 1079 
41 990 990 к< тод = 47 1092 
46 952 052 = TOO Е 45 1052 
46 992 992 = 105 = 29 1097 
50 975 975 = о 1043 
50 982 982 E EB 5-7 3 тодо 
51 1000 1000 — 100 Е 45 І100 
56 965 965 — 108 ud 1073 
61 1000 1000 xS EO 1085 
66 970 970 co к= pas 1050 
71 995 995 = $e E57 1087 
76 972 972 = = 8e 1047 
81 980 980 5522595 — 30 1065 
86 980 980 z— els = 20 1065 
88 975 975 E70 0201 1054 
90 980 980 -- 65 -- 10 1045 

(5) 0.083 m. below the Orifice. Mean Head, 2 = 0.974 ш. 
II 990 eins = КОБ = 109 on 
12 980 950 = 095 22 1045 
14 965 962 — 105 = Ж тоб7 
16 965 965 — 125 "42 1090 
18 995 995 > 132 — 49 1127 
21 960 960 -- 142 == 12%) 1102 
26 955 955 — 140 20057] 1095 
ar 950 950 =— 130 EA 1080 
36 960 960 — I22 == 1082 
41 975 975 — 115 4432 1090 
46 980 980 о E20 1092 
50 982 982 — 135 cep) III7 
5I 962 962 те 2076) ET 1082 
5I 965 965 = 130 ий 1095 
56 972 972 = 90 = 6 тобт 
бт 975 975 БЕ 130 77 47 1105 
66 990 990 — тї mis 1108 
71 973 973 e 155 к 1128 
76 967 967 — 148 — 165 1115 
76 990 990 — 150 — 67 1140 
81 975 975 — 150 ui 1125 
81 990 990 — 170 — 87 1160 
86 995 995 E I25 — 42 1120 
89 975 ne — 90 — 7 Oe 
(6) 0.113 m. below the Orifice. Mean Head, 4 = 0.976 m. 

12 976 >. — 130 — 17 d 
I3 975 900 — 138 — 25 1038 


16 976 976 — 155 — 42 DIOT 
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DETERMINATION OF THE VELOCITIES AND OF THE PRESS- 
URE IN THE INTERIOR OF THE LIQUID VEINS.— Concluded. 


ae pa Level in the Tube. 
Sect: ее | Pressure. | value of 
Of Velocities. | Of Pressures. A 

a А А В P= В 2 

21 978 978 255175 - 62 1153 
26 97т 971 — 185 = 72 1156 
31 977 977 — 180 497 1157 
36 972 972 LETS — 65 II50 
41 976 976 IDO uS 1132 
46 972 972 жч; = 02 1147 
50 970 970 — 165 52 1135 
51 978 978 == 170 cod] 1148 
56 975 975 23109 22750 1138 
бі 976 976 — 185 = IIT 
66 978 978 c OS = оу 1143 
7т 976 975 — 200 — des) 1175 
76 980 980 — 190 = 5 І170 
8т 977 975 -- 2420) —107 1155 
86 976 976 — dd) — 37 1126 
88 978 800 — 128 — 15 928 
89 977 Sas — 125 -- Fa 2500 

(7) 0.143 m. below the Orifice. Mean Head, # = о.981 m. 

ІІ 996 800 = тбо m 960 
12 973 973 513 = 50 1146 
12 1000 980 -- 170 = e ІІ5О 
16 990 990 ESTO = ay ІІ8О 
21 973 973 — 192 — 49 1165 
26 986 986 —— PE = OO 1198 
31 968 968 — 185 42 1153 
36 1000 1000 SEO = (0% 1205 
36 974 974 = HE == 60 1186 
41 980 980 АТО Se 1175 
46 986 986 = 215 72 І20І 
50 973 973 ЕЕ 210 — 0 1183 
50 980 980 4220 asi 1200 
50 990 990 · mp 05 І20І 
ІІ 972 972 (100 ccs pug) 1162 
56 1000 1000 E200 E65 1209 
56 973 973 — 210 = @/ 1183 
бт 975 975 SOTO е (лі 1185 
66 985 985 -- 206 = (0/4 II9I 
71 976 975 — 218 — 75 1193 
76 980 980 E210 0107] II9O 
81 972 972 == 209 — 65 1180 
84 972 972 — 185 — 42 ЛИ 
86 980 930 — 170 — 27 ІІОО 


88 972 900 = 975) E27 1070 
89 972 55.0 — 150 — 7 TR 
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PROFILES OF THE VEIN FOR THE RECTANGULAR ORIFICE. 


0.20 m. high by 0.80 m. wide. 


Measurements in Millimeters. 


(1) LowER SURFACE. 


The point o is rg millimeters from the orifice for the heads 787 and 888, and 23 millimeters for 
the heads 836, 950, and 1006, 


Abscissas or Ordinates. 
Distances 
from the 
Point o. й = 787. й = 836. й = 888. А = 950. Ё = 1006, 
о 20.3 19.9 20.0 20.4 20.1 
то 20.7 21.8 21.8 23.5 23.5 
20 24.5 25.3 24.4 25.2 25.3 
30 25.7 26.8 25.5 26.6 2755 
40 29.3 28.3 28.0 28.2 28.8 
50 27.9 29.3 27.5 29.5 28.8 
60 28.6 28.3 29.0 29.3 29.5 
70 27-5 29.I 29.3 29.3 29.9 
80 27.8 29.3 28.9 29.3 30.8 
go 26.9 27.0 28.5 29.0 30.1 
100 27.6 27.5 27.8 27.9 30.0 
IIO 26.5 26.8 QE 27.2. 29.1 
120 25:2 27% DTA 26.8 29.9 
130 26.0 26.0 26.3 26.2 27.3 
140 23.2 26.0 24.4 25.1 25.9 
150 2355 23.8 24.4 25.1 25.5 
160 20.5 23.0 24.3 23.5 23.4 
170 19.5 23.0 23.0 21.8 22.3 
180 19.0 19.5 21.5 2759 21.5 
190 19.0 18.3 21.5 20.1 21.5 
200 522 18.3 dote 18.3 b alor 
210 14.5 T5 17.5 LORT 19.8 
230 12.0 1472 14.9 16.3 16.8 
250 9.3 9.8 II.O то.8 13.3 
270 25 2.8 8.0 7.4 10.8 
290 0.5 0.8 4.0 6.0 МЕТ 
310 T — 1.0 D т.8 5.3 
320 — 8.3 .. — 2.0 
330 its — 4.7 — 3.0 0.8 
350 — 16.5 RS re — 8.9 — 3.7 
360 ye — I1.7 — II.7 dc 
370 ae 2... лос dA — 8.4 
390 — 25.5 — 22.7 — 18.5 — 17.9 — 13.8 
420 Е Ton од — 23.9 — 20.5 
430 Peto — 34.7 — 25.2 Жз 2 
450 4954 seee PI — 31.7 ==“ 24.7 
490 . — 48.0 2277 
530 . — 54.6 24507 
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PROFILES OF VEIN FOR RECTANGULAR ORIFICE.—Concluded. 
(2) Upper Surface. 


The point o is 19 millimeters from the Orifice for the heads 792 and 836, and 23 millimeters for 
the heads 885, 949, and 1004. 


Abscissas or Ordinates. 
Distances 
from Point o. h = 792. h = 836. й = 885. А = 949. й = 1004. 
0 179.6 173.8 178.0 178.6 179.7 
10 175.1 171.9 172.4 174.0 172.5 
20 170.3 167.9 168.1 168.2 168.9 
30 165.8 166.4 166.4 165.8 166.9 
40 162.9 162.8 162.5 163.7 164.1 
50 162.2 161.8 161.3 160.2 162.9 
60 160.6 159.7 157.9 159.4 161.7 
70 158.І 158.7 ТЕРЕГІ ТЕТ 158.2 
80 157.1 155.5 156.2 156.0 156.8 
go 155.0 153.1 153.1 156.6 156.4 
100 154.6 153.1 151.6 152.5 154.6 
IIO 152.5 I51.4 150.6 150.6 152.4 
120 I49.3 150.4 I49.6 150.1 152.4 
130 148.8 148.6 149.9 151.О 151.1 
140 148.0 147.3 147.6 т48.6 149.8 
150 146.5 146.5 145.6 148.4 148.4 
тбо 144.2 145.1 144.1 146.0 145.3 
‚ 170 142.6 143.6 143.6 141.6 142.8 
180 140.7 142.5. 138.6 І41.4 142.6 
I9O I40.5 138.8 138.1 139.6 142.8 
200 п) ЫР | 255% 130.І хс 
210 136.5 137.6 136.0 139.6 TATUS 
230 19249 133.6 I32.0 139.6 135.6 
250 130.5 127.6 131.1 I333 135.2 
270 127.4 126.5 126.4 127.8 151.8 
290 122.6 123.8 123, 1 126.6 126.7 
STOW ME 52 ОИ ag Aa 120.3 124.2 
320 "uus Ш E аоо ЗЕРТТЕ Пе 
se) | 55260 ini о Sade 7 116.7 123.4 
350 пож ШЕ: 109.6 сао 118.2 
oOo TD оосо КО ІІ 5554 КЕЛІН ra Sacre 
ОЛО ТА ОО |; с |): е А III.9 
390 93.7 95.7 98.6 106.8 106.3 
ОО СТО || 554 102.3 102.8 
2449 | 5509. 87.8 80.2 MUTA ВО 
440 Bo S ЖЕ ert А Ad CR 
Ju wl О 1 без | 095546 92.8 94.9 
ibo i осо, ll 5оосс 26.8! 2 NOS 
490 67.8 Gig). | - е: 80.9 81.9 
mu ll саооо || оо550 05.23 M 2222070 55-52 
S80 Зое | 2551 39596 68.9 73.2 
540 48.2 РЕЙ 55 e 05 “Hl = acon 
Bor Sal 225956010 УК ЖӘН Gaon 
590 31.4 34.0 38.1 52.7 56.0 
Or “SN ТІ оборо ГС 32.0 

Guo Busou || сос тло 57 36.9 
690 = (бі — ш — To 13.5 I9.5 
790 = BEE — 590 — 43.9 = 755% — 26.2 
890 = 1010) — 797.8 — 050 — gius — (0106) 
990 — 176.9 — 158.6 — 157.0 =) ия — 110.7 
HOO) аз Ч Ido Pe hts coi — 219.7 — 190.7 — 166.6 
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O'Brine's Laboratory Guide to Chemical Analysis 
Mixter's Elementary Text-book of Chemistry.............12mo 


Wulling's Inorganic Phar. and Med. Chemistry..........12mo, 
Mandel’s Bio-chemical Паһотафоту.........2............ 12mo, 
Austen’s Notes for Chemical біпдепів................... 12mo, 
Schimpf’s Volumetric Analysis...... odia ad rcm 12mo, 
Hammarsten's Physiological Chemistry (Mandel.)..........8vo, 
Miller's Chemical ,Physios. sa уығы SY SEP YER Es Eo Mere 8vo, 
Pinner's Organic Chemistry. (Алебеп,)...-.,.-ы--%..... 12mo, 
Hplbe's Inorganic Chemistry. o. -< s рит да ный Ер 12mo, 
Ricketts and Russell's Notes on Inorganie Chemistry (Non- 

RANES eneen ы ао»; Oblong 8уо, morocco, 
Drechsel’s Chemical Reactions. (Merrill.)...............12mo, 
Adriance’s Laboratory Calculations.,.............+.+...12mo, 
MrouingsChemistey Ol ТОП, Але aaa dA E E 8vo, 
"en E BIS for. On ANAIEI ось. Svo, 
Nichols's Water Supply (Chemical and Sanitary).......... 8vo, 
Mason's od << “ 98 СРН. 2 8vo, 
Spencer’s Sugar Manufacturer’s Handbook.12mo, morocco flaps, 
M:iechmanns Sugar AmalysiS, а.о MEE: 8vo, 

e Chemical Lecture Қобев...................19то, 

DRAWING. 


ELEMENTARY—GEOMETRICAL—TOPOGRAPHICAL, 
Hill's Shades and Shadows and Perspective. . . .(In preparation) 
Mahan’s Industrial Drawing. (Thompson.)........2 vols., 8vo, 


IMAGUOTU S КЛАНОВ, а еде ан о ее аА буо, 
i Mechanical Drawing." use gana sees en clean 8vo, 
p Descriptive беотейту..........-2............. 8vo, 
Reed’s Topographical Drawing. (IL А.).................. Ato, 
Smith’s Topographical Drawing. (Macmillan.)......... ...870, 
Warren’s Free-hand Drawing ....... ................. 12mo, 


$1 50 
1 00 
1 50 
3 00 
2 50 
2 00 
1 50 
2 00 
1 50 


2 50 
4 00 
2 00 
1 50 
1 50 


75 
1 25 
1 25 
2 00 


2 50 
5 00 
2 00 
2 50 
3 00 


3 50 
5 00 
4 00 
3 00 
5 00 
2 50 
1 00 


Warren’s Drafting Instruments..... қ тел ымдары: УАУ 12mo, 
d Projection Drawing.... .... ОН 12 то, 
> Linear Perspectives ы ше £> bais АИ 12mo, 

- Plane Problems, dde» тутты CZ IUS 12mo, 
5: Primary Geometry... ыы бир uult v3 12mo, 
X Descriptive Geometry es e verase («49 Vols., 8vo, 
Ф Problems and Theorems ана Зуо, 
Se Machine Gonstructionue S5 ob air 9 vols., 8vo, 
es Stereotomy—Stone Сійіпс..................... 8vo, 
a Higher Linear Perspective, = оез: 8vo, 
os Shades and Shadows... -ses sereis sees rre а Зуо, 

Whelpley’s Letter Bneravine.. оо 12mo, 


ELECTRICITY AND MAGNETISM. 
ILLUMINATION— BATTERIES—PHYSICS. 
* Dredge’s Electric Illuminations... .2 vols., 4to, half morocco, 


< 5 à МО. И. 0, 
Niaudet’s Electric Batteries. (Fishback.)............ .. 12mo, 
Anthony and Brackett's Text-book of Physies......... ... 8vo, 
Cosmic. Law of Thermal Кершеіоп 18mo, 
Thurston’s Stationary Steam Engines for Electric Lighting Pur- 

ее ee eset dc 12mo, 
Michie's Wave Motion Relating to Sound and Light,....... 8vo, 
Barkers Deepssen SOUN AILS es (esu see Tu Ties Зуо, 
Holman's Precision ОҒ-Меавпгетепів..................... Зуо, 
аяне А О о ЧА Зуо, 
Gilberticse-mapneter * CM'OTEOTRY ) У ТТУ YO, 
Benjamin's Voltaici Cell TREE А 222222222222. 8vo, 
Reagan's Steam and Electrical Locomotives.............- 12mo 

ENGINEERING. 
CIVIL—MECHANICAL—SANITARY, ETC. 

maT Aut wine's: Cross-SeCEION w:o. e ASI EROR DOCE Sheet, 
* кА Civil Engineer's Pocket-book. ..12mo, mor. flaps, 
* Rh Excavations and Embankments.............8vo, 
= < Laying Out Curves... ес ыште 12mo, morocco, 
Hudson's Excavations ables. VOL IE сы 22 Зуо, 
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Searles’s Field Eugineering............ ...19щ0, morocco flaps, 


ү ВАО Spiral A Lei ina s eco . .12mo, morocco flaps, 
Godwin's Railroad Engineer's Field-book.12mo, pocket-bk. form, 
Butts’s Engineer's Ғіеіба-һооЕ.................. 12mo, morocco, 
Gore's Elements of Goodesy....... ..; Foul. ee and Svo 
Wellington's Location of Railways... .....2.............8х0, 
* Dredge's Penn. Railroad Construction, ес... Folio, half mor., 
Smith's Cable Tramways........ .. АЕН ен 4to, 

< ewWare.Manufacture:and Uses ха OX UIT eon oo Ato, 
Mahan’s Civil Engineering. (Хооа.).................... 8vo, 
Wheeler's Civil Епсілебгіпс,................... ..8vo, 
Mosely's Mechanical Engineering. (Mahan.)....... ...... 8vo, 


Johuson's Theory and Practice of Surveying...............8vo, 
px Stadia Reduction Diagram. .Sheet, 221 x 28} inches, 


акене. rs vsu Seo eth 4to, half morocco, 
Eissler's Explosives—Nitroglycerine and Dynamite........ 8vo, 
Hosters Wooden: Trestle Віа рев у... ss en ase aa Si ds Ato, 
апетае АА ТЫ К AM. Trees im moti tis зә 8vo, 
Greene's Roof Trusses .......... Н А: n CUERO o 8vo, 
Е ВОВ eret tea sme so cee merece D, 
FPES cones AT ood ое EM Kor ETT, ене оа elt 8vo, 
Church's Mechanics of Engineering—Solids and Fluids. ...8vo, 
“ Notes and Examples іп Mechanics...............8vo, 
Howe's Retaining Walls (New Edition.)................. 12mo, 
Wegmann’s Construction of Masonry Dams............... 4to, 
Thurston’s Materials ‘of СопвбтісШИоп,..................... 8vo, 
Вахе авопгу: Construction ye. 1325 25 ESTIS. ee eas sas 8vo, 
И О IS sarees ое АЙ 12mo, 
Warren's Stereotomy—Stone Сайїп..................... 8vo, 
Nichols's Water Supply (Chemical and Sanitary)......... 8уо, _ 
Mason’s м * e Y DD Tec 8vo, 
Gerhard’s Sanitary House Іпвресіоп.................... 16mo, 
Kirkwood's Lead Pipe for Service Ріре................... 8vo, 
Wolfl’s Windmill as a Prime Моу+ет...................... 8vo, 
Howard's Transition Curve Field-book.....12mo, morocco flap, 
Crandail’s The Transition Curve .........,....12mo0, morocco, 
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Crandall's Earthwork Tables... еее ee ees BVO, %1 50 


Patton's Civil Ешгіпеегіпе................ ааа ікті 12846) 199 
te ou oBoundations coke. xod 14» DLa НИД 6.480, 00 
POM Experimental Engineering ...................8хо, 6 00 
Webb's Engineering Instruments, .............18mo, morocco, 1 00 
Black’ssU...S.. Public Мок окон tiadl ККЕ до, 500 
Merriman and Brook's Handbook for Surveyors....18mo0, mor, 9 00 
Merriman's Retaining Walls and Masonry Dams......... „Вуо 9 00 
< Geodetic Surveying, «s ivan excess sTusv eeu 60, 9 00 
Kiersted's Sewage Disposal, ssas ........ S48 398 Ga sed. | .189mo, 195 


Siebert and Biggin's Modern Stone Cutting and Masonry...8vo, 1 50 
Kent's Mechanical Engineer's Pocket-book.....12mo, morocco, 5 00 


HYDRAULICS. 
ҮҮ ATER-WHEELS—WINDMILLS—SERVICE PIPE—DRAINAGR, Ero. 


Weisbach's Hydraulics. (Du Вбіз.).............. Six SENSYO Pd 00 
Merriman’s Treatise on Нудгашісв.................... ...870, 400 
Ganguillet & Kutter's Flow of Water. (Hering & Trautwine.).8vo, 4 00 
Nichols's Water Supply (Chemical and Sanitary)..........8vo0, 2950 
Wolff's Windmill as à Prime Mover sussie sees ek es 2S8vo, 8 00 
Ferrel's Treatise on the Winds, Cyclones, and Tornadoes...8vo, 4 00 
Kirkwood's Lead Pipe for Service Ріре..................8х0, 150 
Ruffner's Improvement for Non-tidal Rivers... ..........8vo, 195 
Wilson's Irrigation Engineeriug.... оо NE а Svo, 4 100 
Bovey’s Treatise on Hydraulies.. 1.088 oe seen sion es «жез» в ALe 34700 
Wegmann's Water Supply of the City of New York .......4to, 10 00 
Hazen's Filtration of Public Water бірріу............»...8уо, 900 


Mason's Water Supply—Chemical and Sanitary... ..........8vo, 5 00 
Wood's Theory of Turbines. ... ЕТІ КМК S aa yx ESO 9750 
MANUFACTURES. 


ANILINE—BortnERs—ExPrLosIVES—IRON—BSUGAR—W ATCHES — 
WOOoLLENS, Ете. 
Metcalfe's Cost of Мазм”асілгез.........................8Ұ0, 500 
Меса; Steel (Manual for Steel чен оға са Ч, 


Allen's Tables for Iron Апа1увіз,.........................98Ү0, 
8 


West's American Foundry Practice....... ............. 12mo, 
* J Moulder's Text-book 
Spencer's Sugar Manufacturer's Handbook... .19mo, mor. flap, 


Wiechmann's Sugar Analysis............... od Aro 8vo, 
Beaumont's Woollen and Worsted Manufacture......... 12mo, 
* Reisig’s Guide to Piece Буеіпр........................ BVO, 
Eissler's Explosives, Nitroglycerine and Dynamite........ 8уо, 
Reimann’s Aniline Colors. (СтгооКев.).................... 8vo, 
Ford's Boiler Making for Boiler МаКетз.................18шо, 
Thurston’s Manual of Steam Boilers................. ss... BVO, 
Booth's Clock and Watch Maker's Manual............... 12mo, 
Holly's Pawe ПИА нола лености... 18mo, 
Svedelius’s Handbook for Charcoal Burners.............. 12mo, 
"Тһе Lathe and iin Uses mal 353i O5... 4: 8vo, 
Woodbury’s Fire Protection of Мїїїз...................... 8vo, 
Bolland’s The Iron Founder.. БЕКЕТІ s duties nm 

25 Us Ы Dd. len 20129101000) 

P; Encyclopedia of Founding Terms............. 12mo, 
Bouvier’s Handbook on Oil Раїпїїпр.................... 12mo, 
ттл OOS Painting... ons a ows apm rmn IIIS ЛВ 18mo, 


MATERIALS OF ENGINEERING. 


STRENGTH—ELASTICITY-— RESISTANCE, ETC. 


"TIhurston's Materials of Engineering............... 3 vols., 8vo, 
Vel L; Монеаи то, 0, 810900989 8vo, 

Vol tll, Tron and Bteel..2....3 2:0 0g p, Ар. ЛА, | 8vo, 

Vol. III., Alloys, Brasses, and Втоп2ев.............. 8vo, 
'Thurston's Materials of Сопвігпсйов,............ ....... 8vo, 
Baker's Masonry Construction, „еее ине нии sees BVO, 
Lanza's Applied Месһалісв............., али ЛИЙ 8уо, 
" Strength of Wooden Columns .............8vo, paper, 
Wood’s Resistance of Ма/егізів,.......................... 8уо, 
Weyrauch's Strength of Iron and Steel. (Du Bois.)........8vo, 
Burr's Elasticity and Resistance of Маќегіа18.............. .8у0, 
Merriman's Mechanics of Materials. . US ...8vo, 


Church's Mechanic's of Juge ЛА ‘Solids and Fluids.. ..8уо, 


%2 50 
2 50 
° 00 
2 50 
1 50 

25 00 
4 00 
2 50 
1 00 
5 00 
2 00 

75 
1 50 
6 00 
2 50 
2 50 
2 50 
8 00 
2 00 

75 


Beardslee and Kent’s Strength of Wrought Ггоп........... Зуо, 
На!йе]а'в Transverse Strains. eo «os LEP. о НЗ, 


Du Bois’s Strains in Framed бітісіптев................. . 4to, 
Merrill’s Stones for Building and Decoration.............. 8vo, 
Bovey's Strength of Майегїа1їз.................... е» 46 «5 2807 
Spalding's Roads and Pavements. . ве shoei al 12mo, 
Rockwell’s Roads and Pavements іп France. ............ 12mo, 
Byrne's Highway Сопвітпейоп........................... 8vo, 
Patton's Treatise on Foundations. ..... e. acl. 8vo, 
MATHEMATICS. 


CALCULUS—GEOMETRY—TRIGONOMETRY, ETC. 


Rice and Johnson's Differential Calculus...................8V0, 
б Abridgment of Differential Calculus....8vo, 


K Differential and Integral Calculus, 

2 vols. in 1, 12mo, 

wohnsonis: Integral Calculus, „И лее таре» 12mo, 
ss (итуе. Тгасіпо рл ИИО Зо лан 12mo, 

= Differential Equations—Ordinary and Partial.....8vo, 

€f Teast, SQUATeS.s cuente ае E 12mo, 
Craig's Linear Differential Equations.................. ... 8vo, 
Merriman and Woodward's Higher Mathematics...... .... 8vo, 
Bass.s-Diftexentia тоа ео вены a 19 то, 
Halstedis-Synthetic Geometry. . айлық 10, ТРУЛЕ. 8vo, 
“оу ее! Of Geometry. os a sitions OA. 8хо, 
Chapman's Theory of Едпайопв........................ 12mo, 
Merriman’s Method of Least Елпатев.................... „80, 
Compton’s Logarithmic Computations...................12mo, 
Davis's Introduction to the Logic of Algebra.............. 8vo, 
Warren's Primary беошейту.................... nlf, ЭТО, 
4 Plane;Problems. sr.. 32.009405. лама 5.0 К 19 то, 

or Descriptive Geometry. se. set o IAL 1D. 2 vols., 8vo, 

4% Problems .andi'Ehéorefs?c ИО. ИРКЕ Зуо, 

D. Higher Linear Perspective..... MEITE ЛИНО 8vo, 

i Free-hand Drawing.......5... 4. яве 19 то, 

0 Drafting Instruments......... Be 30. О oF 
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Warren's Projection Птаміпр...............,..,... ‚„+‹1@то, 


= Linear Perspective........ НИ .,.10шо, 

d Plane РтоМетав,,.......,.,. А sa 12mo, 
Searles’s Elements of Geometry. ...... “nT Peete ae 44», OTO, 
Briggs Plane Analytical беотейгу.......4..........,...12то, 
Wood's Co-ordinate деотету............ телка ника, 
'Trigonometry, „еза Hé ae era, 
Mahan’s Descriptive ОКЫУ ( iois Cutting) eT Бай 8vo, 
Woolf's Descriptive беошеїту.....................Ңоуа1 8vo, 
Ludlow's Trigonometry with Tables. 29% мынан; 8vo, 
" Logarithmic and Other Tables. (Bass)... . ... . .Bvo, 
Baker's Elliptic ҒапсйЙопв,.,.,,.,.....,»,.,.»....., enor (9907 
Parker's Quadrature of the Сїгсїе............ AVETE 8vo, 
Totten's Metrology........-. ИТР, А 8уо, 
Но 992.2,,..,,,....,,, a 8уо, 


Barnant'a Pyramid Problem ser орла», в але В Оз 


MECHANICS—MACHINERY. 


Техт-воокв AND PRACTICAL Works. 


Dana’s Elementary Mechanics ......... анн 12mo, 
Wood's he al POM ETAT IPM 12mo, 
© 24 et өріс ment and Key.. "t 
Analytical Mechanics, sss: senro rnm ale eS 
Michie’s Analytica) Месеһапїсв................... Р. ...870, 
Merriman’s Mechanics of Мабегїа1в....................... Вуо, 
Church’s Mechanics of Engineering,... ................ 8vo, 
4: Notes and Examples in Месһапісв.............. 8vo, 
Mosely's Mechanical Engineering. (Mabhan.)......... 92. 900) 
Weisbach’s Mechanics of Engineering. Vol. IIL, Part IL, 
Вор RIAAN sc, ТРТУ. 777197 
Weisbach's Mechanics of Engineering. Vol. IIL, Part I. 
Bee, М, (RIAD Y ror acer ee ut aie Рай ,8уо, 
Weisbach’s Hydraulics and Hydraulic Motors, (Du Bois.)..8vo, 
ve Steam Engines. (Du Вовв.)......., ЖОЛУКТУ, КЛ 
Lanza's Applied Месһапісв,................ hau Вуо, 


$1 50: 
1 00 
1 25 
1 50 
1 00 
2 00 
1 00 
1 50 
8 00 
8 00 
2 00 
150 
2 50 
2 50 
1 50 
1 50 


1 50 
1 25. 
1 25 
8 00 
4 00: 
4 00 
6 00 
2 00 
5 00 


5 00 


5 00 
5 00 
5 00 
7 50 


Crehore's Mechanics of the Сігдет................»».»....8У0, 


асСогав Капета со Я gaben 8vo, 
Thurston’s Friction and Lost Work....... "Ped rie Rien да 8vo, 
£$ Fhe Animal asta Machinen 722222222202... 12mo, 
Hall SORT UUDTICALIOR N ors 12mo, 
Warren’s Machine Construction...... ОО 2 vols., 8vo, 
GhordalsvisettersstomMechanics: 10. d E ее 12mo, 
The Lathe and Its Овөв................. ее = 8vo, 
Cromwell's Toothed Gearing........... ete estate doit 12mo, 
(s Belts tand Рузил» И ых 19 то, 
Du Bois’s Mechanics. Vol. I., Kinematics .............. 8vo, 
с se КОШТУ? Б (ЯИС stat Е ТРЕНЕР 8vo, 
“ “ ОТТ oot IP т oS оно b 8vo, 


Dredge's Trans. Exhibits Building, . World Exposition, 


4to, half morocco, 


«Flathers?Dynamometersv eds ders 12mo, 

% Rope Driving........ поро о вова 12 то, 
RichardsisiCompressedeaitye у шее и се ET EIS 12mo, 
Smith's Press-working Омет 8vo, 
НОУ алу ЕКІН Pee ТЕ, „ы бою TCU В ЗОВ КС АЛЫ 18mo, 
Fitzgerald’s Boston Масһіпіві................... 559 6p ofc 18mo, 


Baldwin’s Steam Heating for Buildings..................12mo, 
Metcalfe Cost of Матшас(йтев:..%.2..,................ «ВМО, 


‘Benjamin's Wainkles and RECIPES 772227222. 12 то, 
Dingey’s Machinery Pattern Making ........... Sog o.c ed EO Say 
METALLURGY. 


Iron—GoLpD—SILVER—ALLOyYs, ETC. 


н о1евсоп’' s Metallurgy OL Sl ver, ee. 9. 09 e e sien Ss 8vo, 
s Gold ятавМетолтту A 8vo, 
f: Weights and Measures, Tables................ 18mo, 
23 CatalocuetotE Minerals? stesse EISE OVO, 
'O'Driscoll's Treatment of Gold Огев............:......... 8vo, 
* Kerl’s Metallurgy—Copper and Iron........... оба 8vo, 
ا‎ $ 65 Steel Mirel Сия ЭМО, 
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150 
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7 50 
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75 
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ЛОТОСА СО]: э... t eee e re EET т ..8уо, 
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Kunhardt's Ore Dressing in Europe................ 
Weyrauch's Strength of Iron and Steel. (Du Bois.)........8vo, 


Beardslee and Kent's Strength of Wrought Iron...... ВУ 
Compton’s First Lessons in Metal Working............- demo, 
Wests American Foundry Ртасйісе..................... 12mo, 


SERENO mers Textbook О ИИ ЛО; 


MINERALOGY AND MINING. 


MINE AccIDENTS—VENTILATION—ORE DRESSING, ETC. 


Dana’s Descriptive Mineralogy, (Е. 8.)..... 8vo, half morocco, 
* Mineralogy and Petrography. (J.D.)........... 12mo, 
*  'Text-book ой Mineralogy, (ыб). 6% Jacki 8vo, 
* Minerals and How to Study Them. (Е. S.).......12mo, 
‘American Localities of Minerals;;........ eee piss 8vo, 
Brush апа Dana’s Determinative Mineralogy.. ........... 8vo, 


Rosenbusch’s Microscopical Physiography of Minerals and 
Rocks... (Iddings.). „зоос tenes estos nacre 8vo, 
Hussak's Rock-forming Minerals. (Smith.)...............8vo, 


Walliama's lithology... .....-.- „атмый. v. TOTO 8vo, 
Chester's Catalogue of Minerals...... TOUCHE 8vo, 
'* Dictionary of the Names of Minerals............. 8vo, 
Egleston's Catalogue of Minerals and Synonyms. ..... 0 1:80, 
Goodyear’s Coal Mines of the Western Coast........ (^. 1210, 
Kunhardt's Ore Dressing in Europe............ RM 8vo, 
Sawyer's Accidents in Мілев..............2..... а 8уо, 
Wilsons Mine Ventilation... „оен 16mo, 
Boyd's Resources of South Western Virginia.............. 8vo, 
* Мар of South Western Virginia..... Pocket-book form, 
Stockbridge’s Roeks;gnd.Bolls........ eere НИ OVO, 
Eissler's Explosives—Nitroglycerine and Dynamite. . . .... .8vo, 
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~*Drinker’s Tunnelling, Explosives, Compounds, and Rock Drills. 

“А(о, half morocco, $25 00 
‘Beard’s Ventilation of Mines...... ИА RE 5425 Ойон 12050 
Jhiseng Ss Manual of Mining ae К ЛО ДЕЛСЕ Г 8vo, 400 


STEAM AND ELECTRICAL ENGINES, BOILERS, Etc. 


STATIONARY—MARINE— LocomMotTivE—Gas ENGINES, Erc. 


Weisbach’s Steam Engine. (Du Всоів.)................... 8vo, 5 00 
"Thurston's Engine and Boiler Trials...............-++..2-8V0, 5 00 
os Philosophy of the Steam Engine............. 12mo, 75 
“ Stationary Steam Епсіпев................... 12mo, 150 
ue Boiler Explosion. 4. 70022... 52222. 12mo, 1 50 

fs Steam-boiler Construction and Operation....... 8vo, 

xp Reflection on the Motive Power of Heat. (Carnot.) 
12mo, 2 00 

"Thurston's Manual of the Steam Engine. Part I., Structure 
ап@ еоту rein GODS РЛ Псы 8vo, 760 

"Thurston's Manual of the Steam Engine. Part IL, Design, 
Construction, And Operationt AT OL WIA. OEE 8yo % 50 
9 рагів, 19 00 
Róntgen's Thermodynamics. (Du Bois.)......... ЛШ 8vo, 5 00 
-Peabody's Thermodynamics of the Steam Engine......... 8vo, 500 
99 Valve Gears for the Steam-Engine..............8v0, 2 50 
ye Tables of Saturated біеала..................... 8vo, 1 00 
‘Wood’s Thermodynamics, Heat Motors, е{с............... 8vo 4 00 
Pupin and Osterberg’s Thermodynamics...... ЖТ ЛЧ 19mo, 12995 
Kneass's Practice and Theory of the Injector.............8vo, 1 50 
Reagan’s Steam and Electrical Locomotives....... ..... 12mo, 2 00 
Meyer's Modern Locomotive Construction...............-- 4to, 10 00 
WibithamisSteam-engine: Design... UU. ROO 8vo, 600 
Constructive Steam Engineering................ 8vo, 10 00 
Hemenway’s Indicator Ртасвасе.........................19то, 2 00 
Pray’s Twenty Years with the о code es..Royal8vo, 2 50 
Spangler's: Valves ева т... ал ОО. ВИО 8vo, 2 50 
* Maw's Marine Engines..................Folio, half morocco, 18 00 
"Trowbridge's Stationary Steam Engines ........... 4to, boards, 2 50 
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Ford's Boiler Making for Boiler МаКетз................. 18mo, $1 00 
Wilson's Steam Boilers. (Ғізіһег.).....................19то, 950 


Baldwin's Steam Heating for Buildings................. 12mo, 2 50 
Hoadley’s Warm-blast Ғагпасв...........................80, 1 50 
Sinclair’s Locomotive Running..... АА 12mo, 9 00 
Clerk's GasiEngihe, basa Зе сон aoa, aie yon! 12mo, 


TABLES, WEIGHTS, AND MEASURES. 


For ENGINEERS, MECHANICS, ACTUARIES—METRIC TABLES, ETC. 


‘Crandall’s Railway and Earthwork Tables..... .......... 8vo, 1 50 
Johnson's Stadia and Earthwork Tables.......... ....... Вто, 196 
Bixby's Graphical Computing Tables......... ......... Sheet, 25 
Compin s бана un ОНИ: ОИ арн г. 12mo, 1 50 
Ludlow’s Logarithmic and Other Tables. (Bass.)....... 12mo, 2 00: 
Thurston's Conversion. "Tables. ыж... асан АЙ 8vo, 1 00 
-Egleston's Weights and Меявигев....................... 18mo, 75 
"Гойеп°з Metrology.....<-..... Ре О cca ns 8vo, 2 50 
Fisher’s Table of Cubic Yards......:... esee ce Cardboard, 25 
zHudson's Excavation Tables. Vol. П.....:.............. 8vo, 1 00 
VENTILATION. 

STEAM HEATING—HOUSE INsPECTION—MINE VENTILATION. 
Ета: Nentilatomot MINES ып таса urne er one 12mo, 2 50 
Baldwin’s Steam Heating. ssa. „ЮЗЛИ. os ate ences 12mo, 2 50 
Reid’s Ventilation of American Dwellings.............. 12mo, 1 50 
Mott’s The Air We Breathe, and Ventilation............16mo, 1 00 
Gerhard's Sanitary House Inspection ............ Square 16mo, 1 00 
Wilson's Mine Ventilation........ TNT .16mo, 1 25 
Carpenter's Heating and Ventilating e Buildings... 289v0)911 9 00 


MISCELLANEOUS PUBLICATIONS. 


Alcott’s Gems, Sentiment, Language............... Gilt edges, 5 00 
Bailey's The New Tale of a Таһ................. ....... .870, 75 
Ballard’s Solution of the Pyramid Problem............... 8vo, 1 50 


‘Barnard’s The Metrological System of the Great Pyramid..8vo, 1 50 
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* Wiley’s Yosemite, Alaska, and Yellowstone....... ......40, 
Emmon's Geological Guide-book of the Rocky Mountains. .8vo, 
Rerrels Treatise on the Winds. «diei тә! lett ovd iN. 8vo, 
Perkins’s Cornell University... „01 . Oblong 4to, 
Ricketts’s History of Rensselaer РАУНД Institute..... 8vo, 
Mott’s The Fallacy of the Present Theory of Sound..Sq. 16mo, 
Rotherham’s The New Testament Critically Emphathized. 


12mo, 
Totten’s An Important Question in Metrology............. 8vo, 
Wihiteliouse;ssDakemMOTISS 92212222. Рарег, 


HEBREW AND CHALDEE TEXT-BOOKS. 
For SCHOOLS AND THEOLOGICAL SEMINARIES. 


Gesenius’s Hebrew and Chaldee Lexicon to Old Testameut. 

(Tregelles, Jsi 20222221222. Small 4to, half morocco, 

Green's Grammar of the Hebrew Language (New Edition).8vo, 

“o  Eletmentary:-Hebrew-Grammar s.: 222222222.) 12mo, 

е _ HbbrewyChrestomathynsavscct esse ИЕА ee ones ИР 8vo, 
Letteriss Hebrew Bible (Massoretic Notes in English). 

8vo, arabesque, 

Luzzato's Grammar of the Biblical Chaldaic Language and the 

TalmudeBabli Тео. ТЕРІ. ИИ ВИ Отоо; 


MEDICAL. 


Bull’s Maternal Management in Health and Disease.......129mo, 
Mott's Composition, Digestibility, and Nutritive Value of Food. 
Large mounted chart, 

Steel's Treatise on the Diseases of the Ox.... ............ 8vo, 
4 i Ттевизеол the Diseases of оне овен 8vo, 
Worcester's Small Hospitals—Establishment and Maintenance, 
including Atkinson's Suggestions for Hospital Archi- 
tecture ос o ооо OOD SOOO CIO ПОСТАТ 12mo, 
Hammarsten’s Physiological Chemistry. (Mandel.)........ 8vo, 
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